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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE ' f~ 

1 Applicant: E.R. Squibb & Sons, Inc. < 

U.S. Patent No. 14,337,201 ; jr.; 1 

, Issue Date: June 29, 1982 1/ i ! .- \ 

For: Phosphinylalkanoyl Substituted Prolines^ | 

I Inventor: Edward W. Petrillo, Jr. v | 

>\ i 

ii Princeton, New Jersey 08543-4000 | 

: ; \ 

i . * 

APPLICATION FOR EXTENSION OF PATENT TERM UNDER 35 U.S.C. 156 j 

j 

Hon. Commissioner of Patents and Trademarks: ! 
Washington, D.C. 20231 

] Sir: ; 

In accordance with the provisions of 35 U.S.C. 156, j 

E. R. Squibb & Sons, Inc., a corporation of the state of j 

Delaware, having a place of business at Lawrenceville- ! 
Princeton Road, Princeton, New Jersey 08540 hereby applies 

1 : I 

j 

for an extension of 2 years of the term of United States I 

Patent No. 4,337,201 issued June 29, 1982. ! 

' ; ! 

\ 

The following items are relevant and follow the j 

: t 

i guidelines set forth by the United States Patent and ! 

;! Trademark Office Rules of Practice; 37 CFR §1.710, et seq. | 

!* ! 

1) This application for extension is based j 

i • i 

upon the regulatory review period before the | 

j 

!' Food and Drug Administration of Monopril®. j 

\\ Monopril® is the trademark of E.R. Squibb & Sons, j 

! Inc. for an angiotensin converting enzyme inhibitor j 



it 

' i 



Patent 

Case No. : HA224 

- 2 - 

product having as its active ingredient 
fosinopril sodium. The package insert 
for Monopril® is enclosed herewith. 

Fosinopril sodium is designated 
chemically as L-proline, 4-cyclohexyl- 
1- [ [ [2-methyl-l-(l-oxopropoxy )propoxy]- 
( 4-phenylbutyl )phosphinyl ] acetyl ] , sodium 
salt ' trans and has the following 
structure 



-CH 2 (CH 2 ) 2 CH 2 P CH 2 C N COONa 



( CH 3 ) 2 CH-CHOCCH 2 CH 3 



0 




2 ) Regulatory review of Monopril® occurred 
under Section 505 of the Federal Food, Drug 
and Cosmetic Act (21 USC 355). 

3) Monopril® received permission for 
commercial marketing and use under 
Section 505 of the Federal Food, Drug 
and Cosmetic Act on May 16, 1991. 
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4) Fosinopril sodium is the only active 
ingredient in Monopril® . Fosinopril sodium 
has not been previously approved for 
commercial marketing or use under the 
Federal Food, Drug and Cosmetic Act, 

the Public Health Service Act or the 
Virus-Serum-Toxin Act, 

5) This application for extension of the 
term of United States Patent No. 4,337,201 
is being submitted within the 60 day period 
permitted for submission pursuant to 

37 CFR § 1.720(f) beginning on May 16, 1991. 
The last day on which the application could 
be submitted is July 15, 1991. 

6) This application for extension of patent 
term seeks to extend the term of United 
States Patent No. 4,337,201 issued 

June 29, 1982, which unless extended will 
expire on June 29, 1999. This patent has 
not previously been extended. The inventor 
named in the patent is Edward W. Petrillo, Jr. 
The application is assigned to E.R. Squibb & 
Sons, Inc. by an assignment recorded on 
April 11, 1982 in the United States Patent 
and Trademark Office at Reel 3958, Frame 194. 
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7) Attached hereto is a copy of United 
States Patent 4,337,201. 

8) No disclaimers, certificates of correction, 
maintenance fees or reexamination certificates 
have been filed or issued in United States 
Patent No* 4,337,201. 

9) United States Patent No. 4,337,201 claims 
fosinopril sodium, the active ingredient in 
Monopril®. The package insert for Monopril® 
shows that it is in tablet form. Monopril® is 
approved in tablet strengths of 10 mg/tablet 
and 20 mg/tablet. 

Claims 1, 2, 3, 4, and 7 as allowed in 
United States Patent No. 4,337,201 each includes 
fosinopril sodium within its scope. Note in 
particular the structural formula set out in 
Claim 1. 



In Claim 1, 




ii 



R 



ii 



6 



can be 




(L) 




# 
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R 4 can be "hydrogen" and it is specified that 
salts are included, R 6 can be "cycloalkyl" 
(defined to include groups having 3 to 7 carbon 
atoms), R 3 can be "hydrogen", n can be "zero", 
R 1 can be "arylalkyl" (aryl is defined to include 
phenyl and alkyl is defined to include groups 
having 1 to 10 carbon atoms), and 

O 

R 0 can be " -CH— O — C — Y " and 



X and Y are both defined to include alkyl (alkyl 
is defined to include groups having 1 to 10 carbon 
atoms). Thus, Claim 1 covers salts of fosinopril 
and covers fosinopril sodium. 

In Claim 2, which is dependent on Claim 1, 
one of R 2 and R 4 is defined as "hydrogen" and the 
other is defined as " O " Thus, 



for the reasons set forth in the discussion of 
Claim 1, Claim 2 covers salts of fosinopril and 
covers fosinopril sodium. 



I 



X 



-CH O 



C Y 



X 



! 
1 
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Claim 4 is dependent on Claim 1 and 
specifies that n is "zero". For the reasons 
as set forth in the above discussion of Claim 1, 
Claim 4 also covers salts of fosinopril and thus 
covers fosinopril sodium. 

Claim 3 is dependent on Claim 4 and specifies 
that R 1 is "4-phenylbutyl" and R 3 is "hydrogen". 
For the reasons set forth in the above discussion 
of Claims 1 and 4, Claim 3 covers salts of 
fosinopril and thus covers fosinopril sodium. 

Claim 7 is dependent on Claim 1 and specifies 
that 11 -R 5 COOR 4 " is 



For the reasons set forth in the above discussion 
of Claim 1, Claim 7 also covers salts of fosinopril 
and thus covers fosinopril sodium* 



ii 




ii 



(L) 



- 7 - 



Patent. 

Case No. : HA224 



10) The relevant dates and information pursuant 
to 35 USC 156(g) that will enable the Secretary 
of Health and Human Services to determine the 
applicable regulatory review period are as 
follows : 

For 35 USC 156(g) (1) (B) (i)- 

The Notice of Claimed Investigational 
Exemption For A New Drug ( IND number 23,103) 
for Monopril®, under the provisions of 
Section 505 (i) of the Federal Food, Drug and 
Cosmetic Act, was filed on November 14, 1983, 
and became effective thirty days later on 
December 14, 1983. 

The New Drug Application (number 19-915) 
for Monopril®, under Section 505(b) of the 
Federal Food, Drug and Cosmetic Act, was filed 
on November 15, 1988. 
For 35 USC 156(g) (1) (B) (ii)- 

The New Drug Application (number 19-915) 
for Monopril®, under Section 505(b) of the 
Federal Food, Drug and Cosmetic Act, was filed 
on November 15, 1988. 

The New Drug Application (number 19-915) 
for Monopril®, under Section 505(b) of the 
Federal Food, Drug and Cosmetic Act, was 
approved on May 16, 1991. 



4 
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11) The following is a brief description of 
certain significant activities undertaken by 
E. R. Squibb & Sons, Inc. during the applicable 
regulatory review period with respect to 
Monopril® including the dates applicable to 
such activities . Numerous other activities 
occurred which are not being listed. 



November 14, 1983 



Investigational New Drug 
Application 23,103 was filed. 
This provided for initial 
clinical studies under 
protocol No. 23,103-2. 



December 14, 1983 



The first shipment of 
clinical supplies in the 
United States . 



December 15, 1983 



- The first use in humans 
in the United States . 



Continuing from this date forth, through the 
time of FDA approval, there were clinical studies in 
progress and/or being planned, with regular and 
frequent communications between E. R . Squibb and 
Sons, Inc. and the FDA, and between E. R. Squibb and 
Sons, Inc. and its clinical investigators. 



December 3, 1984 



December 14, 1984 



November 27, 1985 



- Submission of a progress report, 



- Submission of an additional 

protocol . 

- Submission of a progress report. 



!! • 

if 

j, 

!i 

j 

I 

i! January 22, 1986 

j! 
■ j 

!| March 31, 1986 

I! 

|j May 22, 1986 

II 

jj June 11, 1986 

ji 

II September 5, 1986 

I 

! September 10, 1986 

j 

| March 26, 1987 

! 

! April 2, 1987 

! 

li May 7, 1987 

i < 

' ! 
I j 
t f 

i! June 11, 1987 
j June 22, 1987 
August 19, 1987 

; 

jj September 1, 1987 

j| October 9, 1987 
} December 21, 1987 

i: 

\ l April 6, 1988 

: i 

! April 26, 1988 

r 

li 
■i 

|| August 31, 1988 

|| September 15, 1988 

;! 

I ! 

i: 
!! 

li 

\\ 

jj 

ii 
!l 

i 

!; 

!! 

;i 
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Submission 
protocol . 

Submission 
protocol . 

Submission 
protocol . 

Submission 
experience 

Submission 
protocol . 

Submission 
protocol . 

Submission 
protocol , 

Submission 
protocol . 

Submission 
protocol . 

Submission 
clinical reports. j 

Submission of an addtional i 
protocol . j 

i 

Submission regarding packaging I 
of fosinopril sodium. j 

Specifications and test \ 
methods of IND are updated. j 

Submission of IND safety report. j 

Submission of IND safety report. j 

Submission of IND annual report. ; 

i 

Submission of an additional j 

protocol . t 

i 

Submission of IND safety report. ! 

Submission of an additional j 
protocol . | 

i 
i 

j 
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of an additional 

of an additional 

of a drug 
report. 

of an additional 
of an additional 
of an additional 
of an additional 
of an additional 
of non-clinical and 
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October 7, 1988 

November 10, 1988 
November 15, 1988 



March 13, 1989 

March 17, 1989 

April 14, 1989 

April 25, 1989 

April 26, 1989 

April 26, 1989 
May 11, 1989 



May 19, 1989 



j May 19, 1991 



November 30, 1989 



December 21, 1989 



jj February 22, 1990 

it 

It 



March 7, 1990 



May 2, 1990 



Submission of an additional 
protocol . 

Submission of IND safety report* 

- Submission of New Drug 
Application 19-915 for Monopril® 

- Submission of IND annual report. 

- Four month safety update 
provided to FDA. 

- Samples of fosinopril sodium 
provided to FDA laboratories 
for methods validation. 

- Submission of an additional 
protocol . 

- Submission of an additional 
protocol . 

- Submission of an additional 
protocol . 

Submission of bioavailability 
studies . 

- Submission of supplemental 
analysis of four month safety 
update . 

- Submission of a response to an 
FDA letter requesting additional 
information on formulations. 

* Response submitted to FDA 

letter regarding manufacturing 
and control section of 
fosinopril sodium NDA. 

- Submission of an additional 
protocol . 

Submission of revised draft 
package insert incorporating 
new safety data. 

Submission of draft of pre- 
clinical section of the 
"Summary Basis of Approval". 

- Submission of draft of 
clinical section of the 
"Summary Basis of Approval". 



4 



4 
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May 2, 1990 

June 7, 1990 
July 27, 1990 



October 11, 1990 
November 7, 1990 

November 27, 1990 
January 29, 1991 

March 20, 1991 

May 1, 1991 
May 3, 1991 

May 16, 1991 



Submission of revised draft 
package insert . 



Submission of safety update. 

by 



Submission of response 
regarding points raised 
the FDA relating to 
carcinogenicity studies . 



Meeting with FDA to discuss 
carcinogenicity issues. 

Submission of information 
supporting proposed dosing 
schedule . 

- Submission of safety update. 

Submission of an additional 
protocol . 

Submission of final printed 
bottle and carton labels and 
revised draft package insert. 

- Submission of safety update. 

- Submission of final package 
insert. 

- New Drug Application for 
Monopril® approved by FDA. 
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12) It is the opinion of E, R. Squibb & Sons, 
Inc. that United States No. 4,337,201 is 
eligible for a two year extension of its term. 
This two year extension period is the regulatory 
review period for Monopril® computed in accordance 
with 35 USC 156(g) (1) (B) (i) and (ii) which is 
2710 days reduced by one-half the period 
described in 35 USC 156(g) (1) (B) (i) 

(i.e., 899 days) which is then limited by 

the provisions of 35 USC 156(g) (6) (c) so as not 

to exceed two years . 

13) E. R. Squibb & Sons, Inc. and the undersigned 
acknowledge a duty to disclose to the Commissioner 
of Patents and Trademarks and the Secretary of 
Health and Human Services any information that 

is material to the determination of entitlement 
to the extension sought. 

14) Authorization is given to charge the Six 
Hundred Dollar ($600.00) fee for receiving and 
acting upon the application for extension to 
Deposit Account No. 19-3880. In the event the 
actual fee differs from this amount it is 
requested that the overpayment or underpayment 
be credited or charged to Deposit Account 

No. 19-3880. 
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15) The name, address, and telephone number of 
the person to whom inquiries and correspondence 
relating to this application for patent term 
extension should be directed is: 



16) A duplicate copy of this application, 
certified as such, is enclosed. 

17) A signed declaration by a representative of 
E. R. Squibb & Sons, Inc. is submitted herewith 
in compliance with 37 CFR 1.740(a) (17). 



Donald J. Barrack 
Bristol-Myers Squibb Company 
P.O. Box 4000 

Princeton, New Jersey 08543-4000 
609-921-4328 



Respectfully submitted, 



Date : 




DJB/kac 
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Issue Date: June 29, 1982 - 

For: Phosphinylalkanoyl Substituted ProlfiS^s -LL 

Inventor: Edward W. Petri llo, Jr. — 



r 

L 



Princeton, New Jersey 08543-4000 



DECLARATION 
Hon. Commissioner of Patents and Trademarks: 
Washington, D.C. 20231 

I, Donald J. Barrack, residing at East Brunswick, 
New Jersey, declare as follows: 



1. That I am an assistant secretary of E. R. 
Squibb and Sons, Inc., a corporation of the state 
of Delaware, having a place of business at 
Lawrencevi lie-Princeton Road, Lawrenceville, New 
Jersey, I am an attorney registered to practice 
in the United States Patent and Trademark Office 
under registration no. 26,414 and I have general 
authority from E. R. Squibb and Sons, Inc. to act 
on its behalf in patent matters. 

2. That E. R. Squibb & Sons, Inc. is the assignee 
of the entire right, title and interest in United 
States Patent 4,337,201 by assignment recorded in 
the United States Patent and Trademark Office on 
April 11, 1982 at Reel 3958, Frame 194. 
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3 . That I have reviewed and understand the 
contents of the Application For Extension 

Of Patent Term Under 35 USC 156 for United States 
Patent No. 4,337,201 which is submitted herewith. 

4. That I believe that the above-identified patent 
is subject to an extension pursuant to 37 CFR 
§1.710. 

5. That I believe that a 2 year extension 
of the term of the patent is fully justified 
under 35 USC 156 and the applicable regulations. 

6. That I believe that the patent for which the 
extension is being sought meets the conditions 
for extension of the term of a patent as set 
forth in 37 CFR §1.720. 

I declare further that all statements made herein of 



my own knowledge are true and that all statements made on 
information and belief are believed to be true; and 
further that these statements are made with the knowledge 
that willful false statements and the like so made are 
punishable by fine or imprisonment, or both, under Section 
1001 of Title 18 of the United States Code and that such 
willful false statements may jeopardize the validity of 
this application for extension of patent term and the 
validity of United States Patent No. 4,337,201. 



Date : 




3°, Hit 




Donald J /^Barrack 
Registration No. 26,414 



United States Patent m 

Petrillo, Jr. 
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[57] ABSTRACT 

Esters of phosphinylalkanoyl prolines and phosphiny- 
lalkanoyl substituted prolines are inhibitors of angioten- 
sin converting enzyme and are useful in the treatment of 
hypertension. 

13 Claims, No Drawings 



PHOSPHINYLALKANOVL SUBSTITUTED 
PROLINES 

BACKGROUND OF THE INVENTION 
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The recent literature discloses a variety of mercap- 
toacyl amino acids which are useful for inhibiting the 
conversion of angiotensin I to angiotensin II in mam- 
mals, and are, therefore, useful in the treatment of hy- 
pertension. U.S. Pat. No. 4,105,776, issued Aug. 8, 1978 
discloses mercaptoacyl amino acids wherein the amino 
acid is, inter alia, proline, 4-hydroxypro!ine and 4-alkyl- 
proline. 

U.S. Pat. No. 4,154,935, issued May 15, 1979 discloses 
mercaptoacyl amino acids wherein the amino acid is, 
inter alia, 4-haIogen substituted proline or 4,4-dehalo- 
gen substituted proline. 

United Kingdom patent application No. 2,027,025, 
published Feb. 13, 1980, discloses mercaptoacyl amino 2Q 
acids wherein the amino acid is 5-substituted prolines. 

United Kingdom patent application No. 2,028,327, 
published Mar. 5, 1980, discloses mercaptoacyl amino 
acids wherein the amino acid is, inter alia, proline substi- 
tuted in the 3- or 4-position with with a group having 25 
the formula R — S — or R — O — wherein R is alkyl, 
alkenyl, alkynyl, phenyl, substituted phenyl, phenylal- 
kyl or substituted phenylalkyl. 

U.S. Pat. No. 4,168,267, issued Sept. 18, 1979 dis- 
closes phosphinylalkanoyl prolines and esters or salts ^ 
thereof. 

The compounds disclosed by the above mentioned 
references are disclosed as inhibitors of the action of 
angiotensin converting enzyme in mammals and as use- 
ful hypotensive agents. 

BRIEF DESCRIPTION OF THE INVENTION 
Compounds having the formula 



35 



O R 3 O O 

II I II II 

R 1 — P— (CHjX,— CH— C— R5—C—OR4. 
ORj 



and salts thereof, have hypotensive activity. In formula 
I, and throughout the specification, the symbols are as 
defined below. 

Ri is alkyl, aryl, arylalkyl, cycloalkyl, or cycloalkyl 
(alkyl); 

R2 and R4 each is independently hydrogen, alkyl, 
arylalkyl or 



— ch— o— c— Y, 
I 

x 



wherein X is hydrogen, alkyl, or phenyl and Y is hydro- 
gen, alkyl, phenyl or alkoxy, or together X and Y are 
— (CH 2 ) 2 — , — (CH 2 )3— , — CH=CH-, or 




— N 




-COOR4. — N 



Z-R10 
COOR4, 



(L) 



— N COOR4. — N 1 



-COOR4; 



(U 



(L) 



R6 is hydrogen, hydroxy, alkyl, halogen, azido, 
amino, cycloalkyl, aryl, arylalkyl, carbamoyloxy 

o 

II 

(— O— C— NH 2 ). 

N,N-dialkylcarbamoyloxy, or — Z — R9; 

R7 and R7' are the same and each is halogen or 
—2— Rio, or R7 and R7' together are =0, — O — (CH 2 - 
)«-0- or _S-(CH 2 ) m -S-; 

Rgis hydrogen and is phenyl, 2-hydroxyphenyl or 
4-hydroxyphenyl or Rs and Rs' together are =0; 

R9 is alkyl, aryl, arylalkyl, 1- or 2-naphthyl, or biphe- 
nyl; 

Riois alkyl, aryl or arylalkyl; 
Z is oxygen or sulfur; 
n is 0 or 1; and 

m is 1 or 2; with the proviso that if — R5 — COOR4 is 



40 



COOR4, 



(L) 



at least one of R 2 and R4 is 



45 



50 



O 
II 

— CH— O— C— Y. 
I 

X 



R3 is hydrogen or alkyl; 



The term "aryl", as used throughout the specification 
either by itself or as part of a larger group, refers to 
phenyl or phenyl substituted with halogen, alkyl, alk- 
oxy, alkylthio, hydroxy, alkanoyl, nitro, amino, dialkyl- 
55 amino, or trifluoromethyl groups. Phenyl and monosub- 
stituted phenyl are preferred and phenyl is the most 
preferred. 

The term "alkyl", as used throughout the specifica- 
tion eith?r by itself or as part of a larger group, refers to 

60 groups having 1 to 10 carbon atoms. Alkyl groups hav- 
ing 1 to 4 carbon atoms are preferred. 

The term "cycloalkyl", as used throughout the speci- 
fication either by itself or as part of a larger group, 
refers to groups having 3 to 7 carbon atoms. 

65 The term "alkoxy", as used throughout the specifica- 
tion either by itself or as part of a larger group, refers to 
groups having 1 to 8 carbon atoms. Alkoxy groups 
having 1 to 3 carbon atoms are preferred. 
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The term "halogen", as used throughout the specifi- The phosphinylalkanoyl substituted prolines of for- 

cation either by itself or as part of a larger group, refers mula I can be prepared by reacting a proline derivative 

to fluorine, chlorine, bromine and iodine. The preferred have the formula 
halogen groups are fluorine and chlorine. 

The term "alkanoyP, as used throughout the specifi- 5 Q 

cation either by itself or as part of a larger group, refers II 

to groups having 2 to 9 carbon atoms. H— R 5 — c— ORV 

DETAILED DESERTION OF THE with a phosphinyl-acetic or propionic acid having the 

INVENTION 10 f orxnu i a 

The compounds of formula I t and salts thereof, are 
hypotensive agents. They inhibit the conversion of the o R 3 III 

decapeptide angiotensin I to angiotensin II and, there- _H_ I 

fore, are useful in reducing or relieving angiotensin R ' f <CH * )ff CH COOH - 

related hypertension. The action of the enzyme renin on 15 OR 2 
angiotensinogen, a pseudoglobulin in blood plasma, 

produces angiotensin I. Angiotensin I is converted by In formula II and throughout the specification, R4' is 

angiotensin converting enzyme (ACE) to angiotensin alkyl, arylalkyl or 

II. The latter is an active pressor substance which has 

been implicated as the causative agent in several forms 20 Q 

of hypertension in various mammalian species, e.g., || 

humans. The compounds of this invention intervene in — CH— o— c— Y. 

the angiotensinogen-»(renin)-i>angiotensin I— (ACE)- x 

—►angiotensin II sequence by inhibiting angiotensin 

converting enzyme and reducing or eliminating the 25 reaction can be accomplished using known amide 
formation of the pressor substance angiotensin II. Thus ^4 forming procedures. For example, the reaction 
by the administration of a composition containing one can be run in the presence of a coupling agent such as 
(or a combmatton) of the compounds of this invention, dicyclohexylcarbodiimide, or the acid of formula III 
angiotensin dependent hypertension in a species of ^ be activated by formation of its mixed anhydride, 
mammal (e.g., humans) suffering therefrom is allevi- 30 symmetric al anhydride, acid halide (preferably acid 
ated. A single dose, or preferably two to four divided chloride) or acid QT b the use of Woodward 

daily doses, provided on a basis of about 0.1 tc ,100 jng. K N.ethox y carbonyl.2-ethox y .l,2^ihy- 

rJ^T waght per day, preferably about dr( J uinoHne( N(N ^ a rbonyIdiimidazoIe or the like. A 

appropnate to reduce blood pressure. The substance is 35 „ . , ~ L . /x * . , 17 , v , 7 « * 

preferably administered orally, but parenteral routes ^T^^l^^^V?' ', P i. ' 

such as the subcutaneous, intramuscular, intravenous or f* ge f 1 Ct (1974) " 71,6 P roduct of the react,on has 

intraperitoneal routes can also be employed. e ormu a 

The compounds of this invention can also be formu- 
lated in combination with a diuretic for the treatment of 40 ^ * 3 ? ? ,V 
hypertension. A combination product comprising a r,— p— (CH2)„— CH— c— R5— C— ORV. 
compound of this invention and a diuretic can be admin- I 
istered in an effective amount which comprises a total 0R2 
daily dosage of about 30 to 600 mg., preferably about 30 

to 330 mg. of a compound of this invention, and about 45 Compounds of formula I wherein R 2 is hydrogen can 
15 to 300 mg., preferably about 15 to 200 mg. of the alternatively be obtained by (i) treating a corresponding 
diuretic, to a mammalian species in need thereof. Exem- compound of formula IV wherein R 2 is alkyl with a 
plary of the diuretics contemplated for use in combina- halosilane such as bromotrimethylsilane and then water 
tion with a peptide of this invention are the thiazide or (") catalytic hydrogenation of a corresponding corn- 
diuretics, e.g., chlorthiazide, hydrochlorthiazide, flume- 50 P° und of formula IV wherein R 2 is arylalkyl, e.g., using 
thiazide, hydroflumethiazide, bendroflumethiazide, me- palladium on charcoal. These products have the for- 
thychlothiazide, trichlormethiazide, polythiazide or mula 
benzthiazide as well as ethacrynic acid, ticrynafen, 

chlorthalidone, furosemide, musolimine, bumetanide, p R3 o O 
triamterene, amiloride and spironolactone and salts of 55 
such compounds. 

The compounds of formula I can be formulated for OH 
use in the reduction of blood pressure in compositions 

such as tablets, capsules or elixirs for oral administra- Compounds of formula I wherein R4 is hydrogen, i.e., 

tion, or in sterile solutions or suspensions for parenteral 60 compounds having the formula 
administration. About 10 to 500 mg. of a compound of 

formula I is compounded with a physiologically accept- O R3 O o vi 

able vehicle, carrier, excipient, binder, preservative, _{L, rH _rw_ r— p -Lnu 

stabilizer, flavor, etc., in a unit dosage form as called for 1 | ( 2)n 5 ' 

by accepted pharmaceutical practice. The amount of 65 OR2 
active substance in these compositions or preparations is 

such that a suitable dosage in the range indicated is can be obtained by basic hydrolysis of a compound of 

obtained. formula IV or V. Alternatively, a compound of formula 



I II It 
Rl— P-(CH 2 ) n -CH-C-R 5 — C— OR4'. 
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IV or V wherein RV is an easily removable ester group carbobenzyloxy group by catalytic hydrogenation 

(such as t-butyl) can be treated with trifluoroacetic acid wnen Z is oxygen or by treatment with hvdrogen bro- 

and anisole to obtain the carboxylic acids of formula I. mide and acetic acid when z is su|fur ields the desired 

The phosphinylalkanoyl substituted prolines of for- comooun H 

mula 1 wherein n is 1 can alternatively be prepared by 5 A P ,. ' . VT ooc 

reacting a proline derivative of formula II with a phos- As disclosed by Krapcho in U.S. Ser. No. 164,985, 

pholane having the formula Tiled Aug. 7, 1980, the 4-substituted proline starting 

materials wherein the substituent Ra is cycloalkyl, aryl, 
o R3 vii or arylalkyl can be prepared by reacting a 4-keto prev- 
ia _p— CH2 —ch 10 ' me °^ ^ ormu ^ a IX, or ester thereof, with a solution of 
1 | I Grignard reagent 
o c=0. 

R 6 _Mg— halo XI 

The reaction proceeds most readily when run in the Qr |j tmuin reagent 
presence of an organic base, e.g., triethylamine, pyri- 15 

dine, N,N-dimethylamine or the like, in an inert organic j^—u xn 

solvent such as acetonitrile, dichloromethane, ether, 

^pS^ propionic acid derivatives of t0 y ieId a «mil»»nd of the formul « 

formula III can be prepared using known procedures; 20 

see, for example, U.S. Pat. No. 4,168,267, issued Sept. R*>^OH xm 
18, 1979. Phospholanes of formula VII can be prepared r^^^s 
following the procedures described in Zh. Obsh. Kim., A \ 9 \ | 
37:411 (1967) and Zh. Obsh. Kim., 38:288 (1968). ff y_ CH2 -o-c-N L-COOH 

The proline esters of formula II are known or are 25 \ / 
readily obtainable using known esterification tech- 
niques which are illustrated in the examples. Various , „ ^ . ■ , , , . , 
substituted prolines are disclosed by Manger et al., or ester thercof - 111,5 compound can be treated with a 
Chem. Rev., 66:47 (1966). Ondetti et al. disclose various dehydrating agent such as p-toluenesulfonic acid, sulfu- 
alkyl, halogen, ether and thioether substituted prolines 30 ric acid, potassium bisulfate, or trifluoroacetic acid to 
in U.S. Pat. Nos. 4,105,776, 4,154,935, and U.K. Appli- yield a 3,4-dehydro-4-substituted proline having the 
cation No. 2,028,327. Iwao et al. in U.K. Application formula 
No. 2,027,025 disclose various 5-substituted prolines. 

As disclosed by Krapcho in U.S. Ser. No. 66,119, 
filed Aug. 12, 1979, the carbamoyloxy substituted pro- 35 
lines can be obtained by reacting the hydroxy substi- 
tuted N-protected proline with phosgene and then a 

dialkylamine. Removal of the N-protecting group (T }Y_ CH2 _ 0 _([w N L C ooh, 

yields the desired starting material. 

As disclosed by Krapcho in U.S. Ser. No. 99,164, 40 ^ ' (L) 

filed Nov. 30, 1979, the prolines of the formula 

or ester thereof. Removal of the N-benzylox y carbon yl 
R|0 Rj0 VI1I protecting group and hydrogenation of the resulting 

I I compound yields the desired 4-substituted proline de- 

^ ' 45 rivatives. The substituted proline wherein R6 is cyclo- 



2-O-C— N L 



R 6 XIV 



hexyl can also be prepared by further hydrogenation of 

HN L cooh tne 4-phenylproIine compound. 

Additional processes for preparing the compounds of 
5Q this invention will be apparent to the practitioner of this 
and esters thereof, can be prepared by reacting a keto invention. For example, the carboxyl group of a proline 
compound of the formula derivative having the formula 



(L) 



I! 

(I IV- CH 2 — O— C-N L 



IX O XV 

55 II 

H-R 5 — C-OH 



-COOH, can be protected, e.g., by conversion to an amine salt, or 

(D a 2-hydroxyethyl or diphenylmethyl ester, reacted with 

60 a phosphinyl-acetic or propionic acid of formula III, 

or ester thereof, with an alcohol or thiol having the and then deprotected to yield a product of formula VI. 

formula Esterification of a product of formula VI using art- 

r 10 _2_h X recognized procedures yields the corresponding prod- 

65 uct of formula IV. 

in the presence of an orthoformate or thioformate of the An alternative procedure for preparing the corn- 
formula HC(Z— Rio)? and an acid such as concentrated pounds of this invention wherein R2 is alkyl, arylalkyl 
sulfuric acid or p-toluenesulfonic acid. Removal of the or 
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o 
It 

— CH— O— C— Y 
I 

X 



and R4 is hydrogen comprises first alkylating the corre- 
sponding compound of formula V and then subjecting 
the resulting compound to basic hydrolysis. 

The practitioner of this invention will also appreciate 10 
that the phosphinylalkanoyl-4-aminoprolines of this 
invention can be prepared from the corresponding 
phosphinylalkanoyl-4-azidoprolines and the phosphiny- 
lalkanoyl-4-azidoprolines can be prepared from the 
corresponding phosphinylalkanoyl-4-hydroxyprolines. 15 

The compounds of this invention wherein one of R2 
and R4 is 



O 
II 

— CH 2 — O-C— C(CH 3 ) 3 



20 



(i.e., pivaloyloxymethyl) and the other is hydrogen are 
preferred esters of this invention. 

The compounds of this invention wherein at least one 2 j 
of R2 or R4 is hydrogen, form basic salts with various 
inorganic and organic bases which are also within the 
scope of the invention. Such salts include ammonium 
salts, alkali metal salts like lithium, sodium and potas- 
sium salts (which are preferred), alkaline earth metal 30 
salts like the calcium and magnesium salts, salts with 
organic bases, e.g., dicyclohexylamine salt, benzathine, 
N-methyl-D-glucamine, hydrabamine salts, salts with 
amino acids like arginine, lysine and the like. The non- 
toxic, physiologically acceptable salts are preferred, 
although other salts are also useful, e.g., in isolating or 
purifying the product. The salts are formed using con- 
ventional techniques. 

The following examples are specific embodiments of 
this invention. 



35 



40 



EXAMPLE 1 



45 



50 



(S)-7-[[Ethoxy(4-phenylbutyl)phosphinyl]acetyl]-l,4- 
dithia-7-azaspiro[4.4]nonane-8-carboxylic acid, methyl 
ester 

[Ethoxy(4-phenylbutyl)phosphinyl]acetic acid (2.42 
g), acetonitrile (25 ml) and carbonyldiimidazole (1.32 g) 
are allowed to stir under argon at 0* C. for 1 hour. 
4,4-EthylenedithioproIine, methyl ester (1.48 g) is 
added to the mixture, which is then allowed to stir at 
room temperature for about 16 hours. The solvent is 
stripped off leaving an oil that is diluted with ethyl 
acetate (100 ml), washed with 5% potassium bisulfate, 
washed with saturated sodium bicarbonate and filtered 
through anhydrous sodium sulfate. The solvent is 55 
stripped off vielding the title compound as an oil (3.44 

g). 

EXAMPLE 2 

(S)-7-[[Hydroxy(4-phcny lbuty l)phosphiny ljacetyl]- 1 ,4- ^ 
dithia-7-azaspiro[4.4]nonane-8-carboxylic acid, methyl 
ester 

(S)-7-[[Ethoxy(4-phenyIbutyl)-phosphinyl]acetyl]- 
l,4-dithia-7-azaspiro[4.4]nonane-8-carboxylic acid, 
methyl ester (3.44 g) and dry dichloromethane (15 ml) 65 
are added to a flask under an argon atmosphere. Using 
a gas-tight syringe, bromotrimethylsilane (1.5 ml) is 
added to the flask, which is stirred for about 16 hours at 



room temperature. Ethyl acetate (50 ml) and water (10 
ml) are added to the flask and stirred for 30 minutes. 
The mixture is diluted with ether and transferred to a 
separatory funnel. The organic layer is extracted with 
saturated sodium bicarbonate (two 25 ml portions) and 
the extract is acidified to pH 1.0 to precipitate product 
which is extracted into ethyl acetate. The ethyl acetate 
extract is washed with brine, run through sodium sul- 
fate to dry, and the solvent is stripped leaving the title 
compound as an oil (2.99 g). 

EXAMPLE 3 

(S)-7-[[Hydroxy(4-phenylbutyl)phosphinyl)acetyl]-l,4- 
dithia-7-azaspiro[4.4]nonane-8-carboxylic acid 

(S)-7-[[Hydroxy(4-phenylbutyl)phosphinyl]acetyl]- 
1 ,4-dithia-7-azaspiro[4.4]nonane-8-carboxylic acid, 
methyl ester (2.99 g) and 1 N sodium hydroxide (15 ml) 
is stirred for 30 minutes at room temperature. The reac- 
tion mixture is extracted with ether (50 ml) and the 
aqueous phase is acidified with concentrated hydro* 
chloric acid to pH 1.0. A solid precipitates out of solu- 
tion along with an oil. This is extracted into ethyl ace- 
tate, passed through sodium sulfate, and the solvent is 
stripped yielding 2.74 g of the title compound, melting 
point 105.5M07* C. 

EXAMPLE 4 

(S)-7-[[Hydroxy(4-phenylbutyl)phosphiny l]acetyl]- 1 ,4- 
dithia-7-azaspiro[4.4.]nonane- 8-carboxy lie acid, 
dilithium salt 

(S)-7-[[Hydroxy(4-phenylbutyl)phosphinyl]acetyl]- 
l f 4-dithia-7-azaspiro[4.4]nonane-8-carboxyiic acid (2.74 
g) in 1 N lithium hydroxide (10.6 ml) is passed through 
a column of 80 ml of ion-exchange resin (AG50WX8 
(Li+)). The fractions containing product are filtered 
through a millipore filter and most of the solvent is 
stripped off. The eluate is lyophilized to give 2.53 g of 
the title compound as a powder. The product contains 2 
moles of water and has an optical rotation 
(a]z>= -13.2* (c=13.5 mg/ml methanol). 

EXAMPLE 5 

(S)-4-Hydroxy-l-[[ethoxy(4-phenylbutyl)phosphinyl- 
]acetyl]-L-proline, methyl ester 

A mixture of [ethoxy(4-phenylbutyl)phosphinyl]a- 
cetic acid (1.71 g), acetonitrile and carbonyldiimidazole 
(0.97 g) is stirred under argon at 0° C for 1 hour. (S)-4- 
hydroxyproline, methyl ester (0.006 mole) is suspended 
in acetonitrile, added to the mixture and stirred at room 
temperature 90 minutes. Solvent is stripped off, and the 
resulting oil is taken up in ethyl acetate, washed with 
5% potassium bisulfate, washed with saturated sodium 
bicarbonate, washed with brine, dried over magnesium 
sulfate, and the solvent stripped to leave 2.23 g of the 
. title compound as an oil. 

EXAMPLE 6 

(S)-4-Azido- 1 -[[ethoxy(4-phenylbutyl)phosphinyl- 
]acetyl]-L-proline, methyl ester 

(S)-4-Hydroxy- 1 -[[ethoxy(4-phenylbutyl)phosphinyl- 
]acetyl]-L-proline, methyl ester (2.0 g), triphenylphos- 
phine (2.57 g), 2.1 N hydrazoic acid/benzene (12 ml, 
>5 equivalents) and dry acetonitrile are stirred under 
argon at room temperature for 30 minutes. Die- 
thylazocarboxylate (1.71 g) in acetonitrile (5 ml) is 
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added dropwise over 30 minutes. After 18 hours the 
reaction is still incomplete (as shown by thin-layer chro- 
matography) and triphenylphosphine (1 equivalent), 
diethylazocarboxylate (1 equivalent) and 2.1 N hydra- 
zoic acid (6 ml) are added. After 4 hours the reaction is 5 
complete. Nitrogen is bubbled through the solution to 
remove excess hydrazoic acid and the solvent is 
stripped leaving an oil. The oil is chromatographed on 
100 mg of silica gel, eluting first with ethyl acetate and 
then with 3% methanol/ethyl acetate to give 1.64 g of 
the title compound. 

EXAMPLE 7 

(S)-4-Azido-l-[[hydroxy(4-phenylbutyl)phosphinyl- 15 
]acetyl]-L-proline, methyl ester 

(S)-4-Azido-l-[[ethoxy(4-phenylbutyl)phosphinyl- 
]acetyl]-L-proline, methyl ester (1.60 g), dry dichloro- 
methane and bromotrimethylsilane (0.85 g) are stirred 
under argon at room temperature. After 19 hours, an 20 
additional equivalent of bromotrimethylsilane is added 
and stirring is continued for 2 hours. Excess bromo- 
trimethylsilane and dichloromethane is removed in 
vacuo and the residue is treated with ethyl acetate/wa- ^ 
ter and stirred for 15 minutes. The layers are separated 
and the ethyl acetate layer is extracted with saturated 
sodium bicarbonate. The aqueous extracts are acidified 
to pH 1.0 with concentrated hydrochloric acid and 
extracted with ethyl acetate. The extract is washed with 30 
water, brine, dried over sodium sulfate, and the solvent 
stripped to yield 1.35 g of the title compound as an oil. 

EXAMPLE 8 

(S>4- Azido- 1 -[[hydroxy(4-pheny lbuty l)phosphinyl- 35 
]acetyl]-L-proline 

(S)-4- Azido- 1 -[[hydroxy(4-phenylbutyl)phosphinyl- 
]acetyl]-L-proline, methyl ester (1.30 g) and 1 N sodium 
hydroxide (about 15 ml) is stirred for 30 minutes. The ^ 
reaction mixture is acidified with concentrated hydro- 
chloric acid, extracted with ethyl acetate, washed with 
water, washed with brine, dried over sodium sulfate, 
and the solvent is stripped yielding 1.11 g of the title 
compound having an optical rotation [a]£>=— 22.3* 45 
(c= 10 mg/ml, methanol). The product contains i mole 
of water. 

EXAMPLE 9 

(S>4- Amino- 1 -[[hydroxy(4-pheny lbutyl)phosphinyl- 50 
]acetyl]-L-proline 

A mixture of (S)-4-azido-l-[hydroxy(4-phenylbutyl)- 
phosphinyI]acetyl]-L-proline (0.8 g) acetic acid (about 
20 ml) and 10% palladium on charcoal is hydrogenated 
on a Parr apparatus for 3 hours. The reaction mixture is 
filtered through Celite to remove the catalyst and the 
solvent is stripped leaving an oil. The oil is diluted with 
water and washed several times with ethyl acetate. The 
aqueous phase is lyophilized yielding 0.48 g of crude ^ 
product as a solid. Crude product (400 mg) is run on a 
column of ion-exchange resin AG50X8 (about 30 ml), 
eluting first with water and then with a pyridine-acetic 
acid buffer (pH 6.5). The fractions containing the de- 
sired material are combined and evaporated leaving a 65 
glass, which is dissolved in water and lyophilized yield- 
ing 300 mg of the title compound having an optical 
rotation [a]z>=-24.8° (c=10 mg/ml, methanol). 
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EXAMPLE 10 

(R)-l-[[Ethoxy(2-phenylethyl)phosphinyl]acetyl-4- 
hydroxy-L-proIine.methyl ester 

[Ethoxy(2-phenylethyl)phosphinyI]acetic acid (1.27 
g) and carbonyldiimidazole (0.8 g) are stirred in 25 ml of 
acetonitrile at 0* C. for 1 hour. trans-4-Hydroxy-L-pro- 
line, methyl ester hydrochloride (1.0 g) is shaken with 
triethylamine (0.76 ml) in 10 ml of acetonitrile and fil- 
tered directly into the reaction mixture. After standing 
under nitrogen for 6 days at room temperature, the 
mixture is taken up in ethyl acetate (500 ml) and 5% 
sodium bisulfate (10 ml). The organic layer is washed 
with brine (10 ml), followed by saturated sodium bicar- 
bonate, a second brine washing, and then dried over 
sodium sulfate and evaporated. The residue, 1.8 g, is 
crystallized from toluene yielding 0.6 g of the title com- 
pound, melting point 126°-128° C. 

EXAMPLE 11 

(S)-7-[[Hydroxy(2-phenylethyl)phosphiny IJacetyl]- 1 ,4- 
dioxa-7-azaspiro[4.4]nonane-8-carboxylic acid, 
ammonia salt 

(A) 

(S)-7-[[Benzyloxy(2-phenylethyl)phosphinyI]acetyl]- 
1 ,4-dioxa-7-azaspiro[4.4]nonane-8-carboxylic acid, 
2-hydroxyethyl ester 

Carbonyldiimidazole (2.04 g) is added to a cooled 
solution (0* C.) of benzyloxy(2-phenylethyl)phos- 
phinylacetic acid (4.0 g) in acetonitrile (50 ml) and the 
mixture is stirred for 1 hour. A solution of l,4-dioxa-7- 
azaspiro[4.4]nonane-8-carboxylic acid, 2-hydroxyethyl 
ester is added and stirred for 1 hour at 0 s C. and for 
about 16 hours at room temperature. The mixture is 
taken up in ether, washed with 5% potassium busulfate, 
followed by brine, saturated sodium bicarbonate and 
two additional brine washes, and then dried over so- 
dium sulfate and evaporated to give 5.6 g of an oil. The 
oil is flash chromatographed on silica gel eluted with 
ethyl acetate and ethyl acetate/methanol (9:1) yielding 
3.5 g of the title compound as an oil. 

(B) 

(S)-7-[[Hydroxy(2-phenylethyl)phosphinyl]acetyl]- 1 ,4- 
dioxa-7-azaspiro[4.4]nonane-8-carboxy!ic acid, 
ammonia salt 

(S)-7-[[Benzyloxy(2-phenylethyl)phosphinyI]acetyl]- 
1 ,4-dioxa-7-azaspiro[4.4]nonane-8-carboxylic acid, 2- 
hydroxyethyl ester (3.3 g) is dissolved in 50 ml of meth- 
anol, and lithium hydroxide monohydrate (0.54 g) dis- 
solved in a small amount of water is added. The mixture 
is stirred for 1 hour at room temperature and hydroge- 
nated over 1 g of 10% palladium on charcoal at 1 atmo- 
sphere for 3 hours. The mixture is stirred for 1 hour at 
room temperature and hydrogenated over 1 g of 10% 
palladium on charcoal at 1 atmosphere for 3 hours. The 
mixture is filtered through Celite, the filtrate evapo- 
rated to dryness and the residue dissolved in water 
which is filtered through a Millipore filter and lyophi- 
lized yielding 2.84 g of material. Chromatography of 
this material on 150 ml of Sephadex (OH form, pH 7.4) 
eluted with a gradient buffer (0.005 M to 0.5 M ammo- 
nium bicarbonate). Fractions which are pure (electro- 
phoresis) are combined, evaporated and lyophilized 
from water (twice) yielding 1.1 g of the title compound 
having an optical rotation [a]/>— —25.9° (c = 1, water). 
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~ « EXAMPLE 12 Analysis calc*d for CisHioNObSj: C, 51.53; H. 6.97 

, riu a ,a u ,u ■ u u- , N, 3.34; S, 15.28. Found: C, 51.34; H, 6.90; N. 3.32: S. 

l-[lHydroxy(4-phcnylbutyl)phosphinyl]acetyl)-L-pro- 14.87. 
line, (2,2-dimethyl-]-oxopropoxy)methyI ester 

Hydroxy(4-phenylbutyl)phosphinyl acetic acid (51.2 5 , c > , „ r ,. . * B) ... . . „ 

g) is suspended in 300 ml of dichloromethane and 1 ml (S)-7-[[Ethoxy(4 : phenylbutyl)phos P h. ny l]acetyl-1.4- 

of dimethylformamide in a magnetically-stirred 1000 ml ditnia-7-azaspiro[4.4]nonane-8-carboxylic acid, 

three-neck flask with thermometer and condenser. The (2.2-dimethyl-l-oxopropoxy)methyl ester 
mixture is cooled to 5* C. with an ice bath and thionyl |Q A mixture of 1.7 g of [ethoxy(4-phenylbutyI)phos- 

chloride ( 1 6. 1 ml) is added. The bath is removed and the phinyljacetic acid, aceionitrile and 0.96 g of carbonyl- 

mixture is stirred at room temperature for forty-five diimidazole is stirred under argon at 0* C. for 1 hour, 

minutes. A heating mantle is fitted and the mixture is (SH-l(U-Dimethylethoxy)carbonyl]-l,4-dithia-7-azas- 

refluxed for seventy-five minutes. Steady evolution of piro[4.4]nonane-8-carboxyIic acid, (2,2-dimethyl-l-oxo- 

gas continues until the end of the reflux period, when it 15 propoxy)methy! ester (2.5 g) is treated with trifluoro- 

stops. The flask is cooled to 5* C. and a solution of acet ic acid (about 2 ml) and stirred at room temperature 

proline pivaloyloxymethyl ester tosylate (86.0 g) in 300 for 30 m i nut es. The trifluoroacetic acid is removed in 

ml of d.chloromethane (previously dried with 10 g of vacuo , the residue taken in aceton i tri l e and added 

molecular s.eves) ,s added. Tnethylamme (85 ml) is d ise t0 the above ^ K over fl 2Q ^ 

tut t «fZirZ' t TF VI 25 C - "'.I" 20 at room temperature. After an additional 2.5 hours, the 

ture is stirred for about 16 hours and then washed with ; c „, ■ . „. ... ... . 

three 100 ml portions of 1 N HC1, then brine, and evap- S^EJl T? . ? h , " Part '" 

orated to a residue (106.6 g). The residue is dissolved in ti<med between ethyl acetate and water. The flayers are 

400 ml of acetone and added dropwise through a needle ^ and f lhe °n?an.c portion is washed w.th 5% 

to 2000 ml of water containing seed crystal and vigor- 25 FT™ ^ fate> f tura,ed sodium bicarbonate, brine, 

ously stirred in a 5000 ml flask. The product precipitates d " ed < M 6 SO «> and evaporated. The residue (3.4 g) is 

as a powder which is filtered immediately and dried at chromatographed on silica (120 g) eluting with ethyl 

first in vacuo (1 mm, dry ice trap), then over silica gel acetate/dichloromethane (1:1) and yielding 2.7 g of the 

to yield 86.5 g of the title compound, melting point title compound as a glass. 

63*-66* C. 30 EXAMPI F 14 

Anal. Calc'd. for C23H35NO7PH2O: C. 56.90; H, 7.47; 1 

N, 2.89; P, 6.38. Found: C, 57.02; H, 7.35; N, 2.94; P, 6.4. (S)-7-[[Hydroxy(4-phenylbutyl)phosphinyl]acetyl]-l,4- 

dithia-7-azaspiro[4.4]nonane-8-carboxylic acid, 

EXAMPLE 13 (2,2-dimethyl-l-oxopropoxy)methyl ester 

(S)-7-[[Ethoxy(4-phe„ylbutyl)phosphinyl]acetyl]-1.4- 35 (S)-7-[[Ethoxy(4-phenylbutyl)phosphinyl]acetyl]-1.4- 

d,th,a-7-azasp,ro[4.4]nonane-8-carbox y l,c acid. dithia-7.azas P iro[4.4]nonane-8-carboxylic acid. (2,2- 

(2,2-d.methyl.l-oxopropoxy)methyl ester dimethyl- l.oxopropoxy)methyl ester (2.7 g) in dichlo- 

(A) romethane (dried over alumina) is treated with bromo- 

(S)-7-[(l f l-Dimethylethoxy)carbonyl]-I,4-dithia-7-a2as- trimethyisilane (1.2 ml) via syringe and the reaction 

piro[4.4]nonane-8-carboxylic acid, 40 mixture is stirred for 16 hours under argon. The solvent 

(2,2-dimethyM-oxopropoxy)methyl ester and excess bromotrimethylsilane is evaporated in vacuo 

To a mixture of 7.0 g of l,4-dithia-7-azaspiro[4.4]no- and the res »due is taken up in ethyl acetate and water 

nane-8-carboxylic acid, hydrochloride, 17.4 ml of water and stirred for 15 minutes. The layers are separated and 

and 12.1 ml of triethylamine under argon at room tern- 45 tne etn yl acetate is washed with 5% potassium sulfate, 

perature is added a solution of 7.8 g of 2-(t-butoxycar- water, brine dried (MgS04) and evaporated. The 2.3 g 

bonyloxyimino)-2-phenylacetonitrile in 17.4 ml of diox- of crude product is chromatographed on silica (75 g) 

ane. After 3 hours the reaction mixture is diluted with eluting with dichloromethane/methanol/acetic acid 

water and washed twice with ether. The aqueous por- (19/0.5/0.5). After stripping solvent 1.9 g of product is 

tion is acidified with concentrated hydrochloric acid 50 left as a glass, 
and the resulting oil is extracted into ethyl acetate. The 

ethyl acetate layer is washed with water and brine, EXAMPLE 15 

dried over magnesium sulfate, and the solvent is (S)-7-[[Hydroxy(4-phenylbutyl)phosphinyl]acetyl]-l,4- 

stripped yielding an oil. The oil crystallizes on standing dithia-7-azaspiro[4.4]nonane-8-carboxyIic acid, 

yielding 8.9 g of material. 55 (2,2-dimethyl-l-oxopropoxy)methyI ester, lithium salt 

The above material is dissolved in dimethylformam- „ rfTT . 

ide, treated with (3.7 g) and chloromethyl pivalate (5.2 (S)-7-[[Hydroxy(4-phenylbutyl)phosphinyl]acetyl> 

ml) and the resulting mixture is stirred at room tempera- . U4-dithia-7-a2aspiro[4.4]nonane-8-carboxylic acid, (2,2- 

ture for 16 hours under argon. The reaction mixture is dimethyl-l-oxopropoxy) methyl ester (1.82 g) is dis- 

partiiioned between water and ethyl acetate, and the 60 solved in 75% water/acetone and treated with 0.1208 g 

organic phase is washed with saturated sodium bicar- of lithium carbonate. Additional water is added and 

bonate, water, brine and dried (MgSCU). The solvent is afler * 5 minutes the solvent is stripped. The resulting 

stripped to obtain an oil (10.3 g). The crude product is » s dissolved in water and filtered. The filtrate is run 

chromatographed on silica (200 g) eluting with hex- through a Millipore filter and lyophilized to obtain 1.54 

ene/ether (3/1) to give 8.55 g of the title compound as 65 g of the product as a solid. 

crystalline solid, melting point 79.5°-Sr C. The prod- Analysis calc'd for CzsHjsNO^P-Li-M.S mole 

uct is triturated with cold ligroin then filtered to obtain HiO: C, 50.83; N, 2.37; H. 6.48; S, 10.86; P, 5.2. Found: 

the pure product. C, 51.07; N, 2.36; H, 6.19; S, 10.80: P, 5.5. 
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' - ViWT1 , r- (20% acetic acid-benzene) to yield 1.36 g of the title 

EXAMrLt lo , 

compound. 

l-[[[(2,2-Dimethyl-l-oxopropoxy)methoxy](4-phenyI- 
butyl)phosphinyl]acetyl]-L-proline, benzyl ester EXAMPLE 20 

Triethylamine (1.9 ml) and chloromethyl pivalate (2.0 5 (S)-4-(4-Fluorophenoxy)-l-[[hydroxy(4-phenylbutyl)- 
ml) are added to a solution of 3.0 g of [[hydroxy(4- phosphinyl]acetyl]-L-proline 

the resulting mixture is stirred at room temperature for I0 butyl)phosphinyl]acetyl].L-proline (0.380 g) and dry 
6 hours. The reaction mixture is diluted with ethyl ace- dichloromethane (10 ml) are added to a flask under an 
tate, washed with water, brine, dried (MgS0 4 ). and ar g° n atmosphere at room temperature. Then bis- 
evaporated. The crude product (3.7 g) is chromato- (trimethylsilyl)acetamide (0.157 g) is added and the 
graphed on silica (80 g) eluting with ethyl acetate/di- mixture is allowed to stir for J hour. Bromotrimethylsi- 
chloromethane to give 2.96 g of the title compound. 15 lane (0.1 12 ml) is added to the mixture which is stirred 
EXAMPLE 17 for about 16 hours at room temperature. A few drops of 

water are added to the reaction mixture and stirring is 

l.[[[(2,2.Dimethyl.loxopropoxy)methoxy](4- P henyN continued for an additional i hour. The solvent is 

butyl)phosphiny]]acetyl].L-proline stripped off in vacuo yie , ding Q 3?2 g of so , id ^ 

To a solution of 2.6 g of l-[[[2,2-dimethyl-l-oxo- 20 material is taken up in saturated sodium bicarbonate ( 1 5 
propoxy)methoxy](4-phenylbutyl)phosphinyl]acetyl]- m l) and washed with ether (two 30 ml portions); this is 
L-proline, benzyl ester is added 250 mg of 10% palla- acidified to pH 2.0 with concentrated hydrochloric 
dium on charcoal and the resulting mixture is shaken in add The mixture is extracted with ethyI acetate (three 
a Parr hydro^natton apparatus for 2.5 hours. The cata- 2$ m] . ^ , 

acetate extracts are combined 
lyst is filtered through a Celite bed and the methanol is , r , , . . ' , . . y ,_ , x . 
stripped from the filtrate. The crude product (2.0 g) is and washed with saturated brine (50 ml) followed by 
chromatographed on silica (50 g), eluting with di- drying over anhydrous MgS0 4 , and the solvent is then 
chloromethane/acetic acid/methanol (19:0.5:0.5). The removed leaving 0.110 g of the title compound, 
solvent is stripped and the remaining acetic acid is azeo- ^ EXAMPLE 21 

troped off with toluene to yield 1.91 g of the title com- 
pound as a glass. (S)-4-(4-Fluorophenoxy)-l-[[hydroxy(4-phenylbutyl)- 
EXAMPLE 18 phosphinyl]acetyl]-L-proline, dilithium salt 

hk(2,2-^ „ . ; s ^^ 

butyl)phosphiWl]acetyl]r.p^ lithium salt 35 buty0phsophmyl]ac^ (0.1 g) tn 1.0 N hth- 

mm hydroxide (0.37 ml) is passed through a column of 

l-[[[(2,2-Dimethyl-l^xopropoxy)methoxy](^ 20 ml of ion<xchan g e res in (L« + )- The fractions con- 

phen y lbutyl)phosph,nyl]acet y l]-L.prohne (1.067 g) is ^ ^ ^ ^ ^ h a Mffl . ffl an£ , 
dissolved in 50% acetone/water. Lithium carbonate . , . .... . „ . _ . , 

(0.083 g) is added to the stirring solution. After 30 mh> 40 mos x °[ ' he » «"PP* f » n / acua e,uate 

utes the acetone and water is removed in vacuo to leave 18 ^°P hihzcd ™ d then h ™*<* for 24 hours under vac- 
a clear oil. The oil is dissolved in water, run through a uum at 10 °" C to y ieId 0017 B of the litle compound as 
Millipore filter and lyophilized to yield 1.0 g of a granu- a dihydrate, melting point > 250° C. 
lar solid. Analysis calc'd for C23H 2 5NFP06Li2.2H20: C, 

Analysis of C 2 3H 3 3N07P-Li+.l mole H 2 0: Found: 45 54.02; H, 4.97; N, 2.74; F, 3.72; P, 6.06. Found: C, 53.91; 
C, 56.28; N, 2.80; H, 7.19; P, 6.2. Calc'd: C, 56.21; N, H, 5.06; N, 2.72; F, 3.73; P, 6.30. 
2.85; H, 7.18; P, 6.3. 

EXAMPLE 22 

EXAMPLE 19 

(cis)- 1 -[[Ethoxy(4-phenylbutyl)phosphinyI]acetyl]-4- 
(S>l-[tEthoxy(4-phenylbutyl)phosphinyl]acetyl]-4-(4. 50 (phenyImethyI) . L . prolinef(2 ,2-dimethyl-l-oxopropox- 
fluorophenoxy).L-proline y)methyl ester 

[Ethoxy(4-phenyIbutyl)phosphinyl]acetic acid (2.53 
g) is dissolved in 30 ml of acetonitrile and cooled to 0* , . v , r ,« « ^. . , . \ *_ M , t 
C in an ice-bath. Carbonyldiimidazole (1.58 g) is added 55 (cisM-[(l,l-Dimethylethoxy)carbonyl]^(phenylme. 
under argon and the resulting mixture is stirred for 1 thyl)-L-proline 
hour at 0* C. A second solution of 4-(4-fluorophenoxy)- To a solution of cis-4-benzyl-L-proIine hydrochloride 
L-proline (2.0 g) is prepared in 20 ml of dry acetonitrile, (3 g) and triethylamine (5 g) in water (10 ml) is added a 
bis-(tnmethylsilyl)acetamide (1.81 g) is added and the of 2-(tert-butoxvcarbonyloxyimino)-2- 
mixture is stirred under argon for about 1 hour. The 60 phe nvla C etonitrile (3.5 g) in dioxane (10 ml). The mix- 
second solution is added to the first and the mixture is , „ . . f A / Ar 
stirred for about 16 hours at room temperature. Concen- x ™ * SUrred ? ambient temperature for 4 hours. After 
tration of the mixture in vacuo yields an oily semisolid the addition of water (30 ml), and washing with ether, 
which is taken up in 200 ml of dichloromethane, washed the m,xture IS acidified to a pH of 3-4 with 10% citric 
with 5% potassium bisulfate, saturated sodium bicar- 65 acid - ^ oil that separates is extracted into ethyl ace- 
bonate, saturated sodium chloride, and the dichloro- tate, washed with brine, and dried (MgS0 4 ). After con- 
methane solution dried over anhydrous magnesium centration in vacuo, the residue (3.7 g) solidifies at room 
sulfate. The material (3.73 g) is flash chromatographed temperature, melting point 145°- 149° C. dec. 
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(cis)- 1 -[( 1 , 1 -Dimethylcthox y)carbony!]-4-(phenylme- 
thyl)-L-proline,(2,2-dimethyl-l-oxopropoxy)methyl 

ester 5 

To a solution of (cis)-l-[(l,l-dimethylethoxy)car- 
bonyI]-4-(phenylmethyl)-L-proline (3.4 g) in dry di- 
methylformamide (3.0 ml) is added solid potassium 
fluoride (1.5 g), followed by chloromethyl pivalate (2.0 
g). After stirring for 16 hours at ambient temperature io 
the mixture is diluted with water (100 ml) and extracted 
with ethyl acetate. The ethyl acetate solution is washed 
with 5% sodium bicarbonate, water, brine, and dried 
(MgS04). The solvent is removed in vacuo to give an 
oil residue (5 g). The oil is chromatographed on silica 15 
gel (120 g) eluting with ether/hexane (1:3) to give the 
product (4.4 g) as an oil that solidifies on standing, melt- 
ing point 60°-62° C. 

(Q 

(cis)- 1 -[[Ethoxy(4~phenylbutyI)phosphinyl]acetyl]-4- 
(pheny lmethyl)-L-proline,(2,2-dimethyl- 1 -oxopropox- 
y)methyl ester 

A mixture of (cis)-l-[(l f l-dimethylethoxy)carbonyl]- 
4-(phenylmethyl)-L-proIine,(2,2-dimethyl-l-oxo- 2 5 
propoxy)methyl ester (4.0 g) and 10 ml of trifluoroace- 
tic acid is stirred at combined temperature under argon 
for 45 minutes. The mixture is concentrated in vacuo at 
ambient temperature and the residue is dissolved in 
acetonitrile (40 ml). A second solution is prepared of 3Q 
[ethoxy(4-phenylbutyl)phosphinyl]acetic acid (2.7 g) in 
acetonitrile (20 ml). The solution is cooled to 0* C, 
treated with carbonyldiimidazole (1.5 g) and stirred for 
1 hour. Triethylamine (1.0 g) is added and the cold bath 
is removed. The first solution is added dropwise to the ^ 
second and the mixture is stirred at room temperature 
for 16 hours and concentrated in vacuo. The residue is 
dissolved in ethyl acetate (200 ml), washed with 5% 
potassium acid sulfate, saturated sodium bicarbonate, 
brine, and dried (MgSCH). The solvent is removed in 
vacuo; the oil residue (5-6 g) is chromatographed on 
silica gel (200 g), eluting with dichloromethane/acetone 
(1:1) to give the product, (4.6 g). 



45 



EXAMPLE 23 

(cis)-l-[[Hydroxy(4-phenylbutyl)phosphinyl]acetyl]-4- 
(phenylmethyl)-L-proline,(2,2-dimethyl-l-oxopropox- 
y)methyl ester 

To a solution of (cis)-l-[[ethoxy(4-phenylbutyl)phos- 
phinyl]acetyl]-4-(phenylmethyl)-L-proline,(2,2-dimeth- 50 
yl-l-oxopropoxy)methy! ester (4.5 g) in dichlorometh- 
ane (50 ml) is added bromotrimethylsilane (2 g). The 
mixture is stirred at ambient temperature for 16 hours. 
After concentration in vacuo, the residue is treated with 
water (25 ml) and extracted into dichloromethane (350 35 
ml), washed with brine, and dried (MgSC>4). The sol- 
vent is removed in vacuo to give a glass-like solid (4.2 
g). The residue is chromatographed on silica gel (220 g) 
eluting with dichloromethane/methanol/acetic acid 
(19:1:1), to give the product (2,7 g). ^ 

EXAMPLE 24 

(cis)- 1 -[[Hydroxy(4-phenylbutyl)phosphinyl]acety!]-4- 
(phenylmethyl)-L-proline,(2.2-dimethyl- 1 -oxopropox- 

y)methyl ester, lithium salt 65 

To a solution of (cis)-l-[[hydroxy(4-phenylbutyl)- 
phosphinyl]acetyl]-4-(phenylmethyl)-L-proiine,(2.2- 
dimethyl-l-oxopropoxy)methyl ester in acetone/water 



(80 ml) is added solid lithium carbonate (0.0023 mole). 
The mixture is stirred at ambient temperature: as the 
solid gradually dissolves, separation of some orange, 
polymeric material is observed, plus a trace of solid in 
suspension. The mixture is filtered after 2 hours, and the 
filtrate is concentrated in vacuo at ambient temperature. 
The residue is treated with double distilled water (200 
ml) and extracted with ether. An emulsion results that is 
separated with difficulty. The aqueous layer is Millipore 
filtered and iyophilized to give the title compound (1.0 

g). 

Analysis calc'd for C30H39NO7P.Li.3H2O: C, 58.32; 
H, 6.36; N, 2.26; P, 5.01. Found: C, 58.15; R 6.38; N, 
2.26; P, 4.98. 

EXAMPLE 25 

l-[[(Ethoxy)octylphosphinyl]acetyl]-L-proIine,(2,2- 
dimethyl- 1 -oxopropoxy)methyl ester 

I-[(l,l-Dimethylethoxy)carbonyI]-L-proline, (2,2- 
dimethyl-l-oxopropoxy)methyl ester (3.2 g) and p-tol- 
uenesulfonic acid monohydrate (1.72 g) in ethyl acetate 
(about 50 ml) is treated with 10% palladium on charcoal 
(300 mg) and shaken on a Parr hydrogenation apparatus 
at 30 psi for 1 hour. The reaction mixture is filtered 
through a Celite bed and concentrated to a small vol- 
ume. The residue is diluted with ether and seeded. The 
resulting white crystals are filtered and washed four 
times with ether. 

A mixture of [(ethoxy)octylphosphinyl]acetic acid 
(2.2 g), carbonyldiimidazole (1.4 g), and acetonitrile is 
stirred under argon at 0° C. for 1 hour. The above p-tol- 
uenesulfonic acid salt in about 20 ml of acetonitrile is 
then added dropwise over a 45 minute period at room 
temperature. After 60 hours the acetonitrile is stripped 
and the resulting slurry is diluted with ethyl acetate and 
water. The layers are separated and the ethyl acetate 
portion is washed with 5% potassium bisulfate, satu- 
rated sodium bicarbonate, brine and dried (MgS04). 
The solvent is stripped leaving 3.2 g of the title com- 
pound as an oil. 

EXAMPLE 26 

l-[(Hydroxyoctylphosphinyl)acetyl]-L-proline,(2,2- 
dimethy 1- 1 -oxopropoxy)methy 1 ester 

Bromotrimethylsilane (1.5 ml) is added to a flask 
containing 3.2 g of l-[(ethoxyoctylphosphinyI)acetyl]- 
L-proline,(2,2-dimethyl-l-oxopropoxy)methyl ester and 
dry dichloromethane under argon at room temperature. 
After 16 hours excess bromotrimethylsilane and solvent 
are evaporated in vacuo. The resulting oil is diluted 
with ethyl acetate and water. After stirring for 5 min- 
utes the layers are separated. The ethyl acetate layer is 
washed with saturated sodium bicarbonate, 5% potas- 
sium sulfate, brine and dried (MgS04). The solvent is 
stripped leaving 3.0 g of oil. The oil is chromatographed 
.on silica (120 g) eluting with dichloromethane/me- 
thanol/acetic acid (8:1:1). The solvent is stripped and 
the remaining acetic acid is azeotroped with toluene 
leaving 1.7 g of the title compound as an oil. 

EXAMPLE 27 
l-[(Hydroxyoctylphosphinyl)acetyl]-L-proline,(2,2- 
dimethyl- 1 -oxopropoxy)methy 1 ester, lithium salt 
l-[(Hydroxyoctylphosphinyl)acetyI]-L-proline,(2.2- 
dimethyl-l-oxopropoxy)rnethyl ester (1.5848 g) is dis- 
solved in 80% acetone/water and treated with lithium 
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carbonate (0.13 g). The resulting precipitate is filtered 
off and the acetone and most of the water is stripped. 
The resulting soapy solution is diluted with water, Mil- 
lipore filtered and lyophilized to give a hygroscopic 
solid (1.3 g). 5 

Anal. CalcU for C2iH37N0 7 PLi.l.75H 2 0: C, 52.50; 
H, 7.76; N, 2.91; P, 6.4. Found: C, 52.11; H, 7.81; N, 
2.66; P, 6.2. 

EXAMPLE 28 10 

(cis>l-[[Ethoxy(4-phenyIbutyl)phosphinyl]acetyl]-4- 
(phenylthio)-L-proline,(2,2-dimethy]- 1 -oxopropoxy) 
methyl ester 

(A) 15 

(cis)- 1 -[( 1,1 -Dimethylethoxy)carbonyl]-4-(phenylthio)- 
L-proline 

To a solution of (cis)-4-(phenylthio)-L-proline (5 g) 
and triethylamine (3.4 g) in water (13 ml), a solution of 
2-(t-butoxycarbonyloxyimino)-2-phenylacetonitrile (6.0 20 
g) in dioxane (13 ml) is added. The mixture is stirred at 
ambient temperature. After one hour, water (50 ml) is 
added, the mixture is washed with ethyl acetate and 
acidified to a pH of 3-4 with 10% citric acid. The oil 
that separates is extracted into ethyl acetate, washed 25 
with brine, and dried (MgSC>4). The residue is dissolved 
in saturated sodium bicarbonate (50 ml) plus water (600 
ml). The alkaline solution is washed with ether and 
acidified to a pH of 4 with 10% citric acid. The oil that 
separates from solution is extracted into ethyl acetate, 
washed with brine, and dried (MgSCW- The solvent is 
removed in vacuo to give the product as an oil (5.9 g) 
that gradually solidifies, melting point 110M18 0 C. 

(B) 35 
(cis)- 1 -[( 1 , 1 -Dimethylethoxy)carbonyl]-4-(phenykhio)- 

L-proline,(2,2-dimethyl-l -oxopropoxy) methyl ester 

Solid potassium fluoride (2.2 g) is added to a solution 
of (cis)-l-[(l,l-dimethylethoxy)carbonyl]-4-(phenylthi- ^ 
o>L-proIine (5.5 g) in dry dimethylformamide (25 ml), 
followed by the addition of chloromethylpivalate (3.0 
g). The mixture is stirred at room temperature for 20 
hours. After the addition of water (40 ml), the mixture 
is extracted with ethyl acetate, washed with saturated 45 
sodium bicarbonate, brine, and dried (MgS04). The 
solvent is removed in vacuo and the oil residue (8 g) is 
chromatographed on silica gel (180 g), eluting with 
ether/hexane (1:2) to give the product (5 g) as an oil, 
which gradually solidifes to a waxy solid, melting point 50 
83 a -85° C. 

(C) 

(cis)- 1 -[[Ethoxy(4-phenylbuty l)phosphinyl]acetyl]-4- 
(phenylthio)-L-proline,(2,2-dimethyl- 1 -oxopropoxy)- 
methyl ester, lithium salt 



30 



55 



The mixture (A) is prepared by stirring a solution of 
(cis)-l-[(l.l-dimethylethoxy)carbonyl]-4-(phenylthio)- 
L-proline,(2,2-dimethy 1-1 -oxopropoxy) methyl ester 
(4.2 g) in trifluoroacetic acid (10 ml) at ambient temper- 60 
ature. The mixture is concentrated in vacuo at ambient 
temperature and the residue is dissolved in dry acetoni- 
trile (40 ml). It is added dropwise to the following mix- 
ture (B): a solution of [ethoxy(4-phenylbutyl)phos- 
phinyl]acetic acid in acetonitrile (20 ml) is cooled to 0* 65 
C. and carbonyldiimidazole (1.6 g) is added; after stir- 
ring at 0 e C. for one hour, and immediately preceding 
the addition of (A), triethylamine (1.1 g) is added. Fol- 



lowing the addition of (A) the bath is removed and the 
mixture is stirred at ambient temperature for 20 hours. 

After concentration in vacuo, the residue was dis- 
solved in ethyl acetate (200 ml), washed with 5% potas- 
sium acid sulfate, saturated sodium bicarbonate, brine, 
and dried (MgS04). The solvent is removed in vacuo. 
The oil residue (5.6 g) is chromatographed on silica gel 
(200 g) eluting with dichloromethane/acetone (9:1) to 
give the product as a viscous oil (3.1 g). 

EXAMPLE 29 

(cis)- 1 -[[Hydroxy(4-phenylbutyI)phosphinyl]acetyI]-4- 
(phenylthio)-L-proline, 
(2,2-dimethyl- l-oxopropoxy)methyl ester 

To a solution of (cis)-l-[[ethoxy(4-phenylbutyl)phos- 
phiny]]-acetyl)-4-(phenylthio)-L-proline, (2,2-dimethyl- 
l-oxopropoxy)methyl ester (3 g) in dichloromethane 
(30 ml) is added bromotrimethylsilane (1.2 g). The mix- 
ture is stirred at room temperature for 16 hours. After 
the addition of water (15 ml), saturated sodium bicar- 
bonate (25 ml) is added, followed by water (500 ml) to 
effect solution. The aqueous alkaline solution is washed 
with ether and acidified to a pH of 3 with concentrated 
hydrochloric acid. The oil that separates from solution 
is extracted into ethyl acetate, washed with brine, and 
dried (MgS04). The solvent is removed in vacuo to 
give a residue of 2.5 g which is chromatographed on 
silica gel (120 g) eluting with dichloromethane/me- 
thanol/acetic acid (19:1:1) to give the product (1.8 g) as 
a glass-like solid. 

EXAMPLE 30 

(cis)- 1 -[[Hydroxy(4-phenylbutyl)phosphinyl]acety l]-4- 

(phenylthio)-L-proline, 
(2,2-dimethyl- l-oxopropoxy)methyl ester, lithium salt 

A solution of lithium carbonate (50 ml) is added drop- 
wise to a stirring solution of (cis)-l-[[hydroxy(4-phenyl- 
butyl)phosphinyl]acetyI]-4-(phenylthio>L-proline, (2,2- 
dimethyl- l-oxopropoxy)methyl ester (0.5756 g) in ace- 
tone (10 ml); as the stirring solution becomes turbid, the 
turbidity is clarified by the addition of acetone, so that 
the final volume of the reaction mixture is 120 ml. A 
trace of orange polymeric material that separates from 
solution is removed by filtration. The mixture is concen- 
trated to a volume of 50 ml, and is Mil li pore filtered and 
lyophilized to give the title compound (0.6 g). 

Analysis calc'd for C29H37NO7PS.LL2.5H2O: C, 
55.57; H, 5.95; N, 2.23; P, 4.94; S, 5.12. Found: C, 55.67; 
H, 6.06; N, 2.12; P, 4.80; S, 5.38. 

EXAMPLE 31 

(cis)-l-[[Ethoxy(4-phenylbutyI)phosphinyl]acetyI]-4- 
methoxy-L-proline, 
(2,2-dimethyl- 1 -oxopropoxy)methyl ester 

(A) 

(cis)- 1 -[( 1 , 1 -Dimethylethoxy)carbonyl]-4-methoxy-L- 
proline, (2.2-dimethyl-l -oxopropoxy Jmethyl ester 

Conversion of 5.0 g (cis)-l-[(l,l-dimethylethoxy)car- 
bonyl]-4-methoxy-L-proline, cyclohexylarnine salt to 
the free acid using 50 ml of 10% KHS04and extraction 
into ethyl acetate gives 3.9 g of material. A mixture of 
the free acid with 2.2 g of chloromethylpivalate and 1.7 
g of anhydrous potassium fluoride in 20 ml of dimethyl- 
formamide is stirred under argon at room temperature 
for 16 hours. The solution is diluted with 50 ml of ethyl 
acetate and treated with 20 ml of water (twice), satu- 
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-rated sodium bicarbonate and brine. The organic frac- dimethyl- l-oxopropoxy)methyl ester is dissolved in 4 

tion is dried and evaporated in vacuo. The residue is ml of dioxane and cooled to 15° C. while adding 27 1 ml 

triturated with hexane before drying to give 4.3 g of the 0 f 0.099 N lithium hydroxide. The temperature is re- 

title compound, melt.ng point 88'-90' C. duced to 5' C. during the addition procedure. Lyophili- 

(B) 4-Methoxy-L-proline, 5 za,ion 8 ives 12 8 of product, melting point 8r-85* C. 

(2,2-dimethyl-l-oxopropoxy)methyl ester, tosylate salt EXAMPLE 34 

JiSSS^£j!^* U aSSff^ (u.nsH-[|E, h o v( 4.p he „ ylbu , y ,,p te p htoy ,| ra , y ,,4. 

propoxy)methyl ester and 1.5 g of p-toluenesulfonic 10 « H ; methox y- L -P roIine » 

acid in 50 ml of ethyl acetate is treated with 0.3 g of (2,2-dimethyl- l-oxopropoxy)methyI ester 

10% palladium on charcoal and hydrogenated at 30 psi Following the procedure of Example 31, but starting 

for one hour. The product, which precipitates during with (trans)- l-[(l,l-dimethylethoxy)carbony1]-4- 

this procedure, is dissolved in acetone before filtration. methoxy-L-proline, cyclohexylamine salt, yields the 

The solvent is evaporated in vacuo to give an oil which 15 title compound. 

gradually solidifies. The material is triturated with ethyl Analysis calc'd: C26H40NO8P.I.OH2O: C. 57.44- H, 

acetate and filtered to give 2.8 g of product, melting 7 .79; N, 2.57; P, 5.70. Found: C, 57.07; H, 7.37: N, 2.75: 

point 116-118 C. P 54 

(Q EXAMPLE 35 

(cis)- 1 -[[Ethoxy(4-phenylbutyl)phosphinyl]acetyl]-4- 20 

methoxy-L-proline, . (t r ans)-l-[[Hydroxy(4-phenylbutyl)phosphinyl]acetyl]- 

(2,2-dimethyl- 1 -oxopropoxy)methyl ester 4-methoxy-L-proline, 

A stirred solution of 1.9 g of [ethoxy(4-phenylbutyl>- (2,2-dimethyl- l-oxo P ropoxy)methyl ester 

phosphinyl]acetic acid in 25 ml of dry acetonitrile is 2 $ Following the procedure of Example 32, but starting 

cooled to 0' C. and treated with 1.1 g of carbonyl- with (trans)- l-[[ethoxy(4-phenylbutyl)phosphinyI- 

diimidazole under argon. After 1 hour the solution is ]acetyl]-4-methoxy-L-proline, (2,2-dimethyl- 1 -oxo- 

treated with 1.04 ml of triethylamine and the ice bath is propoxy)methy! ester, yields the title compound, 
removed. A second solution is prepared consisting of . Analysis calc'd: C24H36NO8P.O.5H2O: C, 56.90; H, 

2.8 g of 4-methoxy-L-proline, (2,2-dimethyl- 1 -oxo- - 7.36; N, 2.77; P, 6.12. Found: C, 57.01; H, 7.39; N, 2.72; 

propoxy)methyl ester, tosylate salt in 25 ml of dry ace- P, 5.70. 
tonitrile and is added to the first solution. The resulting 

mixture is stirred at room temperature for 16 hours. EXAMPLE 36 

After evaporation of the solvent in vacuo, the oil resi- (trans)- l-[[Hydroxy(4-phenylbutyl)phosphinyl]acetyll- 

due is dissolved m ethyl acetate and extracted with 5% 4-methoxy-L-proline 

potassium sulfate, saturated sodium bicarbonate and (2,2-dimethyl- l-oxopropoxyjmethyl ester, lithium salt 

bnne. The organic layer is dried and evaporated in 

vacuo to give 2.4 g of crude product. This material is Following the procedure of Example 33, but starting 

combined with 1.1 g of crude product from another with (trans)- l-[[hydroxy(4-phenylbutyl)phosphinyl- 

experiment and chromatographed using acetone/ethyl ]acetyl]-4-methoxy-L-proIine, (2,2-dimethyl- 1 -oxo- 

acetate (3:1) to give 2.9 g of product. 40 propoxy)methyl ester, yields the title compound, 

Analysis calc'd for C26H40NPO8.H2O: C, 57.44; H, [a)z>=-33.9\ c=10 mg/ml methanol. 

7.72; N. 2.57. Found: C, 57.87; H, 7.49; N, 2.47. EXAMPLE 37 

EXAMPLE 32 (S)-7-[[Ethoxy(4-phenylbutyl)phosphinyl]acetyl]-l,4- 
(cis)-l -[[Hydroxy(4-phenylbutyl)phosphinyl]acetyl]-4- 45 dithia-7-a2aspiro[4.4]nonane-8-carboxylic acid 

(2,2-dimethyl^ ester h A ™«™ ° f H 2 0 « J* [e.hoxy^phenylbu.yOphos. 

r r J J phmyljacetic acid and 1.1 g of carbon yldnmidazole in 

A solution of 2.9 g of (cis)- 1 -[[ethoxy(4-pheny Ibutyl)- acetonitrile is stirred under argon at 0* C. for 1 hour and 
phosphinyI]acetyI]-4-methoxy-L-proline, (2,2-dimethyl- 50 then treated with 1.9 g of triethylamine and 1.7 g of 
l-oxopropoxy)methyl ester in 50 ml of dry dichloro- l,4-dithia-7-azaspiro[4.4]nonane-8-carboxviic acid, hy- 
methane is treated with 1.0 g of bromotnmethylsilane at drochloride. After 4.5 hours the acetonitrile is stripped 
0 C, then stirred at room temperature for 16 hours an d tne residue is partitioned between ethyl acetate and 
under argon. The solvent is evaporated in vacuo and the , N HCL ^ organic phase is washed with brine ^ dried 
oil residue is dissolved in ether and treated with an 55 (MgS0 4 X and the solvent is stripped to give 3.2 g of the 
excess of saturated I sodium. The aqueous portion is title compound ^ an oiL 
treated with 6 N HC1 to pH 1.5 and the product is ex- 

tracted into ethyl acetate, dried and evaporated in EXAMPLE 38 

Tna/vsifcak-d 4 fofSfSbtf JH 5 0 C 57 IV H (SH-tf^^.Dime.hyl-l-oxopropoxyJmethoxyH^ 
6.9^; Nf 2.7? Found: C J S A? N, 2.66 ' ' 60 Phenylb U ,y.) P hos P hiny.]acetyI]-1.4^ithia-7-azas- 



EXAMPLE 33 



piro[4.4]nonane-8-carboxylic acid 
(A) 



(cis> 1 -[[Hydroxy(4-phenylbutyl)phosphinyl]acetyI]-4- (S)-7-[[Ethoxy(4-phenylbutyl)phosphinyl]acetyl]- 1,4- 

methoxy-L-proline, 65 dithia-7-azaspiro[4.4]nonane-8-carboxylic acid, 

(2.2-dimethyl-l-oxopropoxy)methyl ester, lithium salt diphenylmethyl ester 

A solution of 1.36 g of (cis)-i-[[hydroxy(4-phenyl- (S)-7-[[Ethoxy(4-phenylbutyl)phosphinyl]acetyl]-l f 4- 
buty!)phosphinyi]acetyI]-4-methoxy-L-proline, (2,2- dithia-7-azaspiro[4.4]nonane-S-carboxylic acid (3.2 g) in 
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ethyl acetate is treated with 2.0 g of diphenyldiazome- 
thane in ethyl acetate. After 3.5 hours, the reaction 
mixture is partitioned between ethyl acetate and water. 
The layers are separated and the organic portion is 
washed with saturated sodium bicarbonate* 5% potas- 
sium bisulfate, brine and dried (MgS04). The solvent is 
stripped leaving 6.1 g of residue which is chromato- 
graphed on 180 g of silica, eluting with ethyl acetate to 
yield 3.4 g of the title compound as an oil. 

(B) 

(S)-7-[[Hydroxy(4-pheny lbutyl)phosphinyl]acety 1]- 1 ,4- 
dithia-7-azaspiro[4.4]nonane-8-carboxylic acid, 
diphenylmethyl ester 

(S>7-[[Ethoxy(4-phenylbutyl)phosphinyl]acety 1]- 1 ,4- 
dithia-7-azaspiro[4.4]nonane-8-carboxylic acid, diphe- 
nylmethyl ester (3.4 g) in dry dichloromethane is 
treated with bromotrimethylsilane (1.5 ml) under argon 
at room temperature. After 3 hours the dichlorometh- 
ane and excess bromotrimethylsilane are removed in 
vacuo and the residue taken up in water and ethyl ace- 
tate and stirred for 5 minutes. The layers are separated 
and the organic phase is washed with brine and dried 
(MgS04>. The solvent is stripped yielding 3.3 g of the 
title compound as a foam. 

(Q 

(S)-7-[[[(2,2-Dimethyl- 1 -oxopropoxy)methoxy](4- 
pheny!butyl)phosphinyl]acetyl]-l,4-dithia-7-a2as- 
piro[4.4]nonane-8-carboxylic acid, diphenylmethyl 
ester 

Chloromethylpivalate (1.6 ml) is added to a stirred 
mixture of (S)-7-[[hydroxy(4-phenylbutyl)phosphinyl- 
]acetyl]- 1 ,4-dithia-7-azaspiro[3.3]nonane-8-carboxylic 
acid, diphenylmethyl ester (3.3 g), triethylamine (1.5 
ml) and dimethylformamide under argon at room tem- 
perature. After 16 hours an additional equivalent of 
triethylamine and chloromethylpivalate is added to the 40 
mixture. After an additional 24 hours, the mixture is 
partitioned between ethyl acetate and water. The layers 
are separated and the organic phase is washed with 
saturated sodium bicarbonate, 5% potassium bisulfate, 
brine and dried (MgSCU). The solvent is stripped leav- 
ing 5.0 g of residue which is chromatographed on 150 g 
of silica gel, eluting with 33% hexane/ethyl acetate to 
yield 2.4 g of the title compound as an oil. 
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(D) 

(S)-7-[[[(2,2-Dimethyl- 1 -oxopropoxy)methoxy]-(4- 
phenylbutyl)phosphinyl]acetyl]-l,4-dithia-7-azas- 
piro[4.4]nonane-8-carboxylic acid 

(S)-7-[[[(2,2-Dimethyl- 1 -oxopropoxy)methoxy](4- 
phenylbutyl)phosphinyl]acety 1]- 1 ,4-dithia-7-azas- 
piro[4.4]nonane-8-carboxylic acid, diphenylmethyl 
ester (2.4 g) in dry dichloromethane is treated with 3.0 
ml of trifluoroacetic acid under argon at room tempera- 
ture. After 1 hour, the trifluoroacetic acid and dichloro- 
methane are removed in vacuo and the resulting oil 
partioned between ethyl acetate and water. The layers 
are separated and the organic phase is washed with 
brine, dried (MgSC>4) and evaporated. The residue (4.0 
g) is chromatographed on 130 g of silica eluting with 
dichlorornethane/acetic acid/methanol (18:1:1) to give 
(after azeotropic removal of acetic acid with toluene) 
1.5 g of the title compound. 



50 
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(S)-7-[[[(2,2-Dimethyl-l-oxopropoxy)methoxy]-(4- 
phenylbutyl)phosphinyl]acetyl]-l,4-dithia-7-azas- 
piro[4.4]nonane-8-carboxylic acid, lithium salt 

(S)-7-[[[(2.2-Dimethyi- 1 -oxopropoxy)methoxy](4- 
phenylbutyl)phosphinyl]acetyl]-l,4-dithia-7-azas- 
piro[4.4]nonane-8-carboxylic acid (0.48 g) is dissolved 
in acetone and treated with lithium carbonate (0.032 1 g) 
and water. The solution is stirred for 1.5 hours. The 
acetone and water are removed in vacuo and the result- 
ing residue is taken up in water, Millipore filtered and 
lyophilized to give 0.48 g of the title compound. 

Analysis for C25H3 5 N07S2P-Li + .1.5 moles H2O: 
Calc: N, 2.37; C, 50.84; H, 6.48; S, 10.86; P, 5.24. 
Found: N, 2.42; C, 50.69; H, 6.02; S, 10.28; P, 5.06. 

EXAMPLE 40 

(trans)-l-[[Hydroxy(4-phenylbutyl)phosphinyl]acetyl]- 
4-methoxy-L-proline,dilithium salt 

A solution of 650 mg of (trans)- l-[[hydroxy(4-phenyI- 
butyl)phosphinyl]acetyl]-4-methoxy-L-proIine, (2,2- 
dimethyl-l-oxopropoxy)methyl ester, lithium salt in 15 
ml of ethanol and 10 ml of water containing 6 ml of 1 N 
sodium hydroxide is stirred for 16 hours at room tem- 
perature. Ethanol is removed in vacuo and water was 
added. The aqueous layer is washed with ethyl acetate 
(discard), acidified with 8 ml of 1 N HC1 and extracted 
twice with ethyl acetate. The organic layer is washed 
with saturated brine, combined, dried (MgSCU) and 
concentrated in vacuo. The residue is heated in an oil 
bath at 75° C. under high vacuum for 2 hours. The 
residue (500 mg) is dissolved in 1.5 ml of 1 N lithium 
hyroxide and washed through a column of ion exchange 
resin (lithium form, 10 ml) with water. The organics 
containing eluates are combined, Millipore filtered and 
lyophilized for 16 hours to give 475 mg of product. 

EXAMPLE 41 

(cis)-l-[[Hydroxy(4-phenylbutyI)phosphinyI]acetyI]-4- 
methoxy-L-proline,dilithium salt 

A solution of 200 ml of (cis> 1- [[hydroxy (4-phenyl- 
butyl)phosphinyl]acetyl]-4-methoxy-L-proline, (2,2- 
dimethyl-l-oxopropoxy)methyl ester in 5 ml of ethanol 
and 5 ml of water containing 1.5 ml of 1 N sodium 
hydroxide is stirred for 16 hours at room temperature. 
Ethanol is removed in vacuo and water is added. The 
aqueous layer is washed with ethyl acetate (discard), 
acidified with 3 ml of I N HC1 and extracted twice with 
ethyl acetate. The organic layer is washed with satu- 
rated brine, combined, dried (MgS04) and concentrated 
in vacuo. The residue is heated in an oil bath at 75° C. 
under high vacuum for 2 hours. The residue (ca. 150 
mg) is dissolved in 0.4 ml of 1 N lithium hydroxide and 
washed through a column of ion exchange resin (lithium 
form, 5 ml) with water. The organics containing eluates 
are combined. Millipore filtered and lyophilized for 16 
hours to give 120 mg of product. 

EXAMPLE 42 

l-[[Ethoxy(4-phenylbutyl)phosphinyl]acetyl]-L- 
proIine,(2.2-dimethyI- 1 -oxopropoxy)methy 1 ester 

A solution of 2.4 g l-[[ethoxy(4-phenyIbutyI)phos- 
phinyl]acetyl]-L-proline in acetone is treated with 445 
mg of potassium carbonate dissolved in a small amount 
of water. Solvent is removed in vacuo and water is 
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aseot topically removed by addition of toluene and 
evaporation in vacuo several times. The potassium salt 
is suspended in fresh acetone and 1.03 g of chlorome- 
thylpivalate and 0.5 ml of 25% aqueous sodium iodide is 
added. The mixture is heated at reflux temperature for 3 5 
hours and allowed to stir at room temperature for 16 
hours. The solids are filtered and the filtrate is concen- 
trated in vacuo. The residue (3.3 g) is dissolved in ethyl . 
acetate, washed with 5% sodium bicarbonate, saturated 
brine, dried (MgSCM), charcoaled and concentrated in 10 
vacuo to give 2.65 g of material. Flash chromatography 
with acetone elution gives 2.4 g of product. 

Analysis calc'd for C25H38NO7P.IH2O: C, 58.46; H, 
7.85; N, 2.73; P, 6.03. Found: C, 58.30; H, 7.24; N, 2.58; 
P, 5.98. 
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tion is Millipore filtered and lyophilized to give 0.14 g 
of the title compound. 

Analysis calc'd for C2<jH3 6 FN08P.Li.l.75H:0: C, 
56.63; H, 6.18; N. 2.27; F, 3.09; P. 5.04. Found: C 56.60; 
H, 6.15; N, 2.25; F, 2.80; P, 5.10. 



!5 



EXAMPLE 43 

l-[[Hydroxy(4-phenylbutyl)phosphinyl]acetyl]-L- 
proline,(2,2-dimethy 1- 1 -oxopropoxy )methy 1 ester, 
lithium salt 

An ice cold aqueous dioxane solution of 704 mg of 
l-[[hydroxy(4-phenylbutyl)phosphinyl]acetyl]-L- 
proline,(2.2-dimethyl- 1 -oxopropoxy)methyl ester is 
treated with 1.57 ml of 0.96 N lithium hydroxide. Diox- 
ane is removed in vacuo, additional water is added and 
the solution is lyophilized to give 700 mg of the title 
compound. 

EXAMPLE 44 

(cis)-4-(4-Fluorophenoxy)- 1 -[[ethoxy(4-phenylbutyl)- 
phosphinyl]acetyI]-L-proline,(2,2-dimethyl- 1 -oxo- 
propoxy )methyl ester 

Following the procedure of example 42, but starting 
with (cis)- 1 -[[ethoxy(4-phenyIbutyl)phosphinyl]acetyl]- 
4-(4-fluorophenoxy)-L-proline, yields the title com- 
pound. 

EXAMPLE 45 

(cis)-4.(Fluorophenoxy)- 1 -[[hydroxy(4-phenylbutyl)- 
phosphiny l]acetyl]-L-proline,(2,2-dimethyl- 1 -oxo- 
propoxy)methyl ester 

A solution of (cis)-4-(4-fiuorophenoxy)-l-[[ethoxy(4- 
phenylbutyl)phosphinyl]acetyl]-L-proline,(2,2-dimeth- 
yl-l-oxopropoxy)methyl ester (0.24 g) in dichlorometh- 
ane (2.5 ml), to which bromotrimethylsilane (0.12 g) is 
added, is stirred at ambient temperature for 16 hours. 
The mixture is concentrated in vacuo and the residue is 
treated with water (7 ml). The oil that separates is ex- 
tracted into ether; the ethereal solution is washed with 
brine and dried (MgSOO. The solvent is removed in 
vacuo to give the product as a glass-like solid (0.219 g). 

EXAMPLE 46 

(cis)-4-(Fluorophenoxy)- 1 -[[hydroxy(4-phenylbutyI)- 
phosphinyl]acetyl]-L-proline,(2.2-dimethyl- 1 -oxo- 
propoxy)methyl ester, lithium salt 

An aqueous solution of lithium carbonate is added 
dropwise, with stirring, to a solution of (cis)-4-(fluoro- 
phenoxy)- 1 -[[hydroxy(4-phenylbutyl)phosphinyl- 
]acetyl]-L-proline,(2.2-dimethyl- 1 -oxopropoxy)methyl 
ester (0.17 g) in acetone (10 ml); as the stirring solution 
becomes turbid, the turbidity is clarified by the addition 
of acetone, so that the final volume of the reaction mix- 
ture is 30 ml. A trace of insolubles is removed by filtra- 
tion. The fihrate is concentrated in vacuo to a volume 
of 10 ml. After the addition of water (15 ml), the solu- 



20 



25 



30 



35 



40 



45 



50 



55 



60 



65 



EXAMPLE 47 

(cis)-4-Cyclohexyl-l-[[ethoxy(4-phenylbutyl)phos- 
phinyI]acetyl]-L-proline 

(cis)-4-Cyclohexyl-L-proIine hydrochloride (3.0 g) in 
30 ml acetonitrile is treated with bis(trimethylsilyl- 
)acetonitrile (0.525 g) and stirred until the solid has 
dissolved. Meanwhile, [(ethoxy) (phenylbutyl)]phosphi- 
nyl acetic acid (4.0 g) and carbonyldiimidazole (3.87 g) 
in 70 ml of acetonitrile are stirred at 0° C. for one hour. 
The two solutions are combined and stirred for about 16 
hours. The mixture is concentrated and the residue is 
taken up in dichloromethane, washed with 5% potas- 
sium bisulfate, and brine, dried (MgS04) and evapo- 
rated to an oil which is chromatographed (20% acetic 
acid/benzene) to yield 3.36 g of the title compound. 

EXAMPLE 48 

(cis)-4-Cyclohexy] 
-l-[[hydroxy(4-phenylbutyl)phosphinyl]acetyl]-L-pro- 
line 

(cis)-4-Cyclohexyl-l-[[ethoxy(4-phenylbutyl)phos- 
phinyl]acetyl]-L-proline, (0.83 g), bis(trimethylsilyl- 
)acetamide (0.47 ml) and bromotrimethylsilane (0.28 ml) 
are stirred in 20 ml of dichloromethane for about 16 
hours. A small amount of water is added and the mix- 
ture is evaporated to an oil residue (0.61 g). This mate- 
rial is crystallized from acetone with a recovery of 0.047 
g of solid, melting point 175" -176* C. 

Anal. CalcU for C23H34NO5P, MW 435.50: C, 63.43; 

H, 7.87; N, 3.22; P, 7.11. Found: C, 62.97; H, 7.93; N, 
3.19; P, 7.0. 

EXAMPLE 49 

(cis)-4-Cyclohexy 1- 1 -[[hydroxy(4-pheny!butyl)phos- 
phinyI]acetyl]-L-proline,(2,2-dimethyl-l-oxopropoxy)- 
methyl ester 

(A) 

(cis)- 1 -[( U -Dimethy lethoxy )carbony l]-4-cy clohexy 1- 
L-proline,2,2-dimethyl-l-oxopropoxy)methyl ester 

Following the procedure of example 13 A, but substi- 
tuting (cis)-4-cyclohexyl-L-proline hydrochloride for 

I, 4-dithio-7-azaspiro[4.4]nonane-8-carboxylic acid, hy- 
drochloride, yields the title compound. 

(B) 

(cis)-4-Cyclohexyl- 1 -[[hydroxy(4-phenyIbutyl)phos- 
phinyl]acetyl]-L-proline,(2,2-dimethyl- 1 -oxopropoxy)- 
methyl ester 

A mixture of [hydroxy(4-phenylbutyl)phosphinyl]a- 
cetic acid (1.2 g) tetrahydrofuran and carbonyl- 
diimidazole (0179 g) is stirred under argon at 0° C. for 1 
hour. (cis)-l-[(l,l-Dimethylethoxy)carbonyl]-4- 
cyclohexyl-L-proline,(2,2-dimethy 1- 1 -oxopropoxy )- 
methyl ester (2.0 g) is treated with trifluoroacetic acid 
(approximately 3 ml) and stirred at room temperature 
for fifteen minutes. The trifluoroacetic acid is removed 
in vacuo and the residue is taken up in tetrahydrofuran 
and added dropwise to the above mixture over a thirty 
minute period at room temperature. After sixteen hours 
the tetrahydrofuran is stripped and the residue is parti- 
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*ioned between 5% potassium bisulfate and ether. The 
layers are separated and the organic portion is washed 
with 5% monobasic sodium phosphate (three times), 
brine, and dried (MgSCU). The solvent is stripped to 
yield a solid (2.6 g). Trituration of the crude solid with 5 
ether followed by filtration yields crystals (1.8 g), melt- 
ing point 124M25* C. 

EXAMPLE 50 

(cis)-4-Cyclohexyl-l-[[hydroxy(4-phenylbutyl)phos- 10 
phinyl]acetyl]-L-proline,(2,2-dimethyl- 1 -oxopropoxy)- 
methyl ester, lithium salt 

(cis)-4-Cyclohexyl-l-[[hydroxy(4-phenylbuty!)phos- 
phinyl]acetyl)-L-proline,(2,2-dimethy 1- 1 -oxopropoxy)- 
methyl ester (1.21 g) is dissolved in acetone. Lithium 
carbonate (0.082 g) and water are added to the stirring 
solution. After three hours some of the acetone is 
stripped (due to soap-like solution no more acetone can 
be removed). The remaining solution is lyophilized. 
The lyophilizate is then redissolved in water, Millipore 
filtered, and relyophilized. A fluffy solid is obtained (1.1 
g). 

Anal. Calc'd. for C29H43NO7P~Li+.0.5 mole of 
H 2 0: H, 2.47; C, 61.58; N, 7.84; P, 5.5. Found: H, 2.42; 
C, 61.43; N, 7.75; P, 5.3. 

EXAMPLES 51-55 

Following the procedure of example 42, but substitut- 
ing the alkylating agent in column I for chloromethyl- 
pivalace, yields the compound listed in column II. 
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dried for about 16 hours to give 4.2 g of the sodium salt 
of the title compound. 

The filtrates are combined, concentrated in vacuo 
and washed with ether. The aqueous layers are acidified 
with concentrated hydrochloric acid and extracted 
twice with dichloromethane. The organic layers are 
washed with saturated brine, dried (MgSO.0 and con- 
centrated in vacuo to give 0.4 g of the title compound. 

The above 4.2 g of sodium salt is partitioned between 
dichloromethane (twice) and 25 ml of N hydrochloric 
acid. The organic layers are washed with saturated 
brine, dried (MgS04) and concentrated in vacuo to give 
3.17 g of the title compound. 

(B) 

(cis)-4-Phenyl- 1 -phenylmethoxycarbonyl-L-proline, 
(2,2-dimethyl- l-oxopropoxy)methyl ester 

(cis)-4-Phenyl-l-phenylmethoxycarbonyl-L-proline 
(3.52 g), dissolved in 25 ml of dry dimethylformamide, 
is treated with 1.61 g of anhydrous potassium fluoride 
and 2.0 g of chloromethyl pivalate under argon at room 
temperature for about 16 hours. The reaction mixture is 
diluted with ethyl acetate and washed with water (three 
times), saturated sodium bicarbonate and saturated 
brine. The aqueous layers are backwashed with fresh 
ethyl acetate. The combined organic layers are dried 
(MgSCU) and concentrated in vacuo to give 4.86 g of an 
oil. 

(C) (cis)-4-Phenyl-L-proline, 
(2,2-dimethyl- 1 -oxopropoxy)methyl ester, 



Column I Column II 



51. 


Br—CH 2 - 


O 
11 

-O— C— CH3 


1 -[[ethoxy (4-pheny Ibutyl )phosphiny ljacet y 1J- 
L-pro]ine,(l-oxoethoxy)methyl ester 


32. 


Cl— CH 2 - 


O 
II 

-O— C-O— CH2CH3 


l-[[ethoxy(4-phenylbutyl)phosphinyl]acetyI]- 
L-proline.ethoxycarbonyloxymethyl ester 


53. 




0 

! 


1 -[[et hoxy(4-phen y Ibuty I)phosphin y ljacet y 1J- 
L-proline,phthaIide ester 


54. 


CI— CH— 
1 

CH 3 


0 
II 

•O— C— CH3 


l-[[ethoxy(4-pheny!butyl)phosphinyI]acetyl]- 
L-proIine,l-(1-oxoethoxy)ethyl ester 


55. 


C1-CH 2 - 


-o-L@ 


l-[[ethoxy(4-phenylbutyl)phosphinyl)acetyl)* 
L-proIine.benzoyloxymethyl ester 



EXAMPLE 56 

(cis)-[[Hydroxy(pheny!butyl)phosphinyl]acetyl]-L- 
proline,(2,2-dimethyl- 1 -oxopropoxy)methyl ester 55 

(A) (cis)-4-Phenyl- 1 -phenylmethoxycarbonyl-L-proline 

A slurry of (cis)-4-phenyl-L-proline, hydrochloride 
(3.0 g) in 10 ml of water is cooled in an ice-bath and 
treated dropwise with a solution of 1.01 g of sodium 60 
hydroxide in 10 ml of water. The resulting suspension is 
treated simultaneously dropwise with benzyl chlorofor- 
mate (2.28 g) and a solution of 0.5 g of sodium hydrox- 
ide in 5 ml of water. Additional water is added to a total 
volume of about 100 ml. (Vigorous shaking of the flask 65 
is needed to insure complete mixing.) After 2 hours, the. 
solids are filtered, washed with water, washed three 
times with 1:1 ethenacetone, washed with ether and air 



p-toluenesulfonic acid salt 

A solution of 4.86 g of (cis)-4-phenyl-l-(phenylme- 
thoxycarbonyl)-L-proline, (2,2-dimethyl- 1 -oxopropox- 
y)methyl ester and 2.31 g of toluenesulfonic acid mono- 
hydrate in 75 ml of ethyl acetate containing 0.5 g of 
109c palladium on charcoal is shaken on a Parr hydro- 
genator at an initial pressure of 35 psi of hydrogen for 45 
minutes (final pressure is 26 psi). The precipitated soiids 
are dissolved with dichloromethane and the catalyst is 
filtered through Celite. The filtrate is concentrated in 
vacuo and the solid residue is triturated with 100 ml of 
ethyl acetate, filtered and washed with ether to give 
4.14 g of the title compound, melting point 167°-170 c C. 
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(cis)- 1 -[[ Hydroxy(4-phenyJbutyl)phosphinyI]-acetyI]-4- 
phenyl-L-proline, (2,2-dimethy]-l-oxopropoxy)methyl 

ester 5 

A solution of 1.85 g of [hydroxy(4-phenylbutyl)phos- 
phinyl]acetic acid in 50 ml of dry tetrahydrofuran at 
0°-5* C. under argon is treated with 1.17 g of carbonyl- 
diimidazole. After stirring at 0°-5* C. for 1 hour, 2.02 ml 
of triethylamine is added followed by the portionwise 10 
addition of (cis)-4-phenyI-L-proline, (2,2-dimethyl-l. 
oxopropoxy)methyl ester, p-toluene-sulfonic acid salt 
(4. 14 g) over a 20 minute period. An additional 50 ml of 
tetrahydrofuran is added and the mixture is allowed to 
stir at room temperature for about 16 hours. Solvent is 15 
then removed in vacuo and the residue, dissolved in 
ethyl acetate, is washed with 10% potassium bisulfate, 
5% monobasic sodium phosphate (three times) and 
saturated brine. The organic layer is dried (MgS(>4) and 
concentrated in vacuo to give 5 g of crude product. 20 
Chromatography of 2.9 g of crude on 70 g of silica gel 
eluted (i) with 3.5-5% methanol/dichloromethane 
yields 1.5 g of a mixture (ii) with 7.5% methanol/di- 
chloromethane yields 0.52 g of homogeneous product. 
Rechromatography of the mixture gives an additional 25 
0.51 g of homogeneous product. 

Anal. CalcU C29H38NPO7.I.5H2O: C, 61.04; H, 7.24; 
N, 2.45. Found: C, 60.75; H t 6.54; N, 2.53. 

EXAMPLE 57 30 

(cis)- 1 -[[Hydroxy(4-phenylbutyl)phosphinyl]acetyl]-4- 
phenyl-L-proline 

A solution of (cis)-l-[[hydroxy(4-phenylbutyl)phos- 
phinyl]acetyl]-4-phenyl-L-proIine, (2,2-dimethyM-oxo- 35 
propoxy)methyl ester (300 mg) is dissolved in 10 ml of 
50% aqueous ethanol and treated with 1.5 ml of 1 N 
sodium hydroxide at room temperature for about 16 
hours. The mixture is diluted with 15 ml of water and 
washed with 4:1 ether/hexane. The organic layer is 40 
washed with two fresh 10 ml portions of water. The 
combined aqueous layer is acidified with 1 N hydro- 
chloric acid and extracted with two 50 ml portions of 
ethyl acetate. The organic layer is washed with satu- 
rated brine, dried (MgSCU) and concentrated in vacuo 45 
to give 150 mg of material. Trituration with ether yields 
100 mg of product; melting point softening starts at 80* 
C, clear at 120° C, after drying in vacuo over phospho- 
rous pentoxide for 5 hours. 

What is claimed is: 

1. A compound having the formula 



— CH— o— c— Y, 
I 

X 



wherein X is hydrogen, alkyl or phenyl and Y is 
hydrogen, alkyl, phenyl or alkoxy, or together X 
and Y are -<CH 2 ) 2 - f -(CH 2 ) 3 - -CH=CH- 



or 




R3 is hydrogen or alkyl; 
— R5— COOR4 is 

R* 



— N ' — COOR4, — N L_ 



(L) 

R?^ ^R 7 ' 



(L) 



-Z-R10 
-COOR4 



Rg' 

COOR4 or — N L-COOR4; 

(D (L) 
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9 R3 O O 

II I II II 

Rj— P— (CH 2 ) n -CH-C-R 5 — C-OR4, 

OR 2 



55 



or a salt thereof, wherein 

Ri is alkyl, aryl, arylalkyl, cycloalkyl, or cycloalky- 

lalkyl; 60 
one of R 2 and R4 is 



R6 is hydrogen, hydroxy, alkyl, halogen, azido, 
amino, cycloalkyl, aryl, arylalkyl, carbamoyloxy, 
N,N-dialkylcarbamoyloxy, or — Z— R9; 
R7 and R7' are the same and each is halogen or 
— Rio, or R7 and R7' together are =0, 
— O— (CH 2 ) m — O— or -S-KCH 2 ) m -S— ; 
R8 is hydrogen and Rs' is phenyl, 2-hydroxyphenyI or 
4-hydroxyphenyl or Rg and Rg' together are =0; 
R9 is alkyl, aryl, arylalkyl, 1- or 2-naphthyl, or biphe- 
nyl; 

Rio is alkyl, aryl or arylalkyl; 
Z is oxygen or sulfur; 
n is 0 or 1; and 
m is 1 or 2; 

and wherein the term "aryl" refers to phenyl or phenyl 
substituted with halogen, alkyl, alkoxy, alkylthio, hy- 
droxy, alkanoyl, nitro, amino, dialkylamino or trifluoro- 
methyl groups; the term **alkyl" refers to groups having 
1 to 10 carbon atoms; the term "alkoxy" refers to groups 
having 1 to 8 carbon atoms; the term "cycloalkyl" re- 
fers to groups having 3 to 7 carbon atoms; and the term 
"alkanoyl" refers to groups having 2 to 9 carbon atoms. 

2. A compound in accordance with claim 1 wherein 
one of R 2 and R4 is 



— CH— o— C— Y 
I 

X 



— CH— O-C— Y 
I 

X 



65 



and the other is hydrogen, alkyl, arylalkyl or 



and the other is hydrogen. 

3. A compound in accordance with claim 4 wherein 
Ri is 4-phenyIbutyl and R3 is hydrogen. 

4. A compound in accordance with claim 1 wherein n 
is 0. 
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5, A compound in accordance with claim 2 wherein 

R2 is hydrogen and R4 is I |~ Z Rl ° 

5 — N L-COOR4- 

(L) 

O ... 

II 9. A compound in accordance with claim 1 wherein 

-CH 2 -o-c-C(CH 3 )3. — R 5 — COOR4 is 

10 



— N »— COOR4 



6. A compound in accordance with claim 2 wherein 
R2 is 

15 

j? 10. A compound in accordance with claim 1 wherein 

-CH 2 -0-C-C(CH 3 )3 — R 5 — COOR4 is 

20 

and R4 is hydrogen. Rs v/V 

7. A compound in accordance with claim 1 wherein R ^_ N L CO oR4 

— R 5 — COOR4 is 25 (L) 

11. The compound in accordance with claim 1, (S>7- 
[[hydroxy(4-phenylbutyl)phosphinyl]acetyl]- 1 ,4-dithia- 
7-azaspiro[4.4]nonane-8-carboxylic acid, (2,2-dimethyl- 
^J^w 30 l-oxopropoxy)methyl ester, or a salt thereof, 

f I 12. The compound in accordance with claim 1, 1- 

_ N I—COOR4. [[hydroxy(4-phenylbutyl)phosphinyl]acetyl]-L-proline, 

(2,2-dimethyl-l-oxopropoxy)methyl ester, or a salt 
(L) thereof. 

35 13. The compound in accordance with claim 1, 1- 

8. A compound in accordance with claim 1 wherein [[[(2,2-dimethyl- l^xopropox y )methox y ](4.phenyl. 

butyl)phosphinyl]acetyl]-L-prohne f or a salt thereof. 

_R 5 _COOR4 is * * * * * 
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DESCRIPTION 

MONOPRIL (Fosinoprit Sodium) is the sodium salt of foslnopril, the ester 
prodrug of an angiotensin converting enzyme (ACE) inhibitor, fosinoprilat. It 
contains a phosphinate group capable of specific binding to the active site of 
angiotensin converting enzyme. Foslnopril sodium is designated chemically 
as: L-prollne, 4-cyclohexyl-1-{[[2-methyl-1-(1-oxopropoxy) propoxy] (4-phenyl- 
butyi) phosphinyljacetyl]-, sodium salt, trans-. 

Foslnopril sodium is a white to off-white crystalline powder. It is soluble in 
water (100 mg/mL), methanol, and ethanol and slightly soluble in hexane. 

Its structural formula is: 



o 




ONa 



Its empiric formula is C„H 4S NNa0 7 R and its molecular weight is 585.65. 

MONOPRIL is available for oral administration as 10 mg and 20 mg tablets. 
Inactive ingredients Include: lactose, microcrystaliine cellulose, crospovidone, 
povidone, and magnesium stearate. 



CLINICAL PHARMACOLOGY 
Mechanism of Action 

In animals and humans, foslnopril sodium is hydrolyzed by esterases to the 
pharmacologically active form, fosinoprilat, a specific competitive inhibitor of 
angiotensin converting enzyme (ACE). 

ACE is a peptidyl d I peptidase that catalyzes the conversion of angiotensin I 
to the vasoconstrictor substance, angiotensin II. Angiotensin II also stimulates 
aldosterone secretion by the adrenal cortex. Inhibition of ACE results in 
decreased plasma angiotensin II, which leads to decreased vasopressor activ- 
ity and to decreased aldosterone secretion. The latter decrease may result in a 
small increase of serum potassium. 

In 647 hypertensive patients treated with foslnopril alone for an average of 29 
weeks, mean increases in serum potassium of 0.1 mEq/L were observed. Similar 
increases were observed among all patients treated with foslnopril, including 
those receiving concomitant diuretic therapy. Removal of angiotensin II nega- 
tive feedback on renin secretion leads to increased plasma renin activity. 

ACE is identical to kininase, an enzyme that degrades bradykinin. Whether 
increased levels of bradykinin, a potent vasodepressor peptide, play a role in the 
therapeutic effects of MONOPRIL remains to be elucidated. 

While the mechanism through which MONOPRIL towers btood pressure is 
believed to be primarily suppression of the renin-angiotensin-aldosterone sys- 
tem, MONOPRIL has an antihypertensive effect even In patients with low-renin 
hypertension. Although MONOPRIL was antihypertensive in all races studied, 



black hypertensive patients (usually a low-renln hypertensive population) had a 
smaller average response to ACE Inhibitor monotherapy than non-black 
patients. 

Pharmacokinetics and Metabolism 

Following oral administration, foslnopril (the prodrug) is absorbed slowly. The 
absolute absorption of foslnopril averaged 36% of an oral dose. The primary 
site of absorption is the proximal small intestine (duodenum/jejunum). While 
the rate of absorption may be slowed by the presence of food in the gastrointes- 
tinal tract, the extent of absorption of foslnopril is essentially unaffected. 

Fosinoprilat Is highly protein-bound (a 95%), has a relatively small volume of 
distribution, and has negligible binding to cellular components in blood. After 
single and multiple oral doses, plasma levels, areas under plasma 
concentration-time curves (AUCs) and peak concentrations (Cmaxs) are directly 
proportional to the dose of foslnopril. Times to peak concentrations are Inde- 
pendent of dose and are achieved in approximately 3 hours. 

After an oral dose of radiolabeled foslnopril, 75% of radioactivity in plasma 
was present as active fosinoprilat, 20-30% as a glucuronide conjugate of 
fosinoprilat, and 1-5% as a p-hydroxy metabolite of fosl nop rilat. Since fosinopri- 
lat is not biotransformed after intravenous administration, foslnopril, not 
fosinoprilat, appears to be the precursor for the glucuronide and p-hydroxy 
metabolites. In rats, the p-hydroxy metabolite of fosinoprilat is as potent an 
inhibitor of ACE as fosinoprilat; the glucuronide conjugate is devoid of ACE 
inhibitory activity. 

After intravenous administration, fosinoprilat was eliminated approximately 
equally by the liver and kidney. After oral administration of radiolabeled foslno- 
pril, approximately half of the absorbed dose is excreted in the urine and the 
remainder is excreted in the feces. In two studies involving healthy subjects, the 
mean body clearance of intravenous foslnopril a; was between 26 and 39 mU 
min. 

In healthy subjects, the terminal elimination half-life (Vh) of an intravenous 
dose of radiolabeled fosinoprilat is approximately 12 hours. In hypertensive 
patients with normal renal and hepatic function, who received repeated doses 
of fosinopril, the effective t 1 fc for accumulation of fosinoprilat averaged 11.5 
hours. 

In patients with renal insufficiency (creatinine clearance <80 mL/min/ 
1 .73m 2 ), the total body clearance of fosinoprilat is approximately one-half of that 
in patients with normal renal function, while absorption, bioavailability, and 
protein-binding are not appreciably altered. The clearance of fosinoprilat does 
not differ appreciably with degree of renal i n sufficiency, because the diminished 
renal elimination is offset by Increased hepatobiliary elimination. A modest 
increase in plasma AUC levels (less than two times that in normals) was 
observed in patients with various degrees of renal insufficiency, including end- 
stage renal failure (creatinine clearance <10 mUmin/1 .73m 2 ). (See DOSAGE 
AND ADMINISTRATION.) 

Fosinopril is not well diaiyzed. Clearance of fosinoprilat by hemodialysis and 
peritoneal dialysis averages 2% and 7%, respectively, of urea clearances. 

in patients with hepatic insufficiency (alcoholic or biliary cirrhosis), the 
extent of hydrolysis of fosinopril is not appreciably reduced, although the rate of 
hydrolysis may be slowed; the apparent total body clearance of fosinoprilat Is 
approximately one-half of that in patients with normal hepatic function. 

In elderly (male) subjects (65-74 years old) with clinically normal renal and 
hepatic function, there appear to be no significant differences in pharmacoki- 
netic parameters for fosinoprilat compared to those of younger subjects (20-35 
years old). 

Fosinoprilat was found to cross the placenta of pregnant animals. 
Studies in animals indicate that foslnopril and fosinoprilat do not cross the 
blood-brain barrier. 

Pharmacodynamics and Clinical Effects 

Serum ACE activity was inhibited by &90% at 2 to 12 hours after single doses of 
10 to 40 mg of fosinopril. At 24 hours, serum ACE activity remained suppressed 
by 85%, 93%, and 93% in the 10, 20, and 40 mg dose groups, respectively. 

Administration of MONOPRIL (Fosinopril Sodium) to patients with mild to 
moderate hypertension results in a reduction of both supine and standing blood 
pressure to about the same extent with no compensatory tachycardia. Sympto- 
matic postural hypotension is infrequent, although it can occur in patients who 
are salt- and/or volume-depleted (see WARNINGS). Use of MONOPRIL in combi- 
nation with thiazide diuretics gives a blood pressure-lowering effect greater 
than that seen with either agent alone. 

Following oral administration of single doses of 10-40 mg, MONOPRIL 
lowered blood pressure within one hour, with peak reductions achieved 2-6 
hours after dosing. The antihypertensive effect of a single dose persisted for 24 
hours. Following four weeks of monotherapy in placebo-controlled trials in 
patients with mild to moderate hypertension, once dally doses of 20-80 mg 
lowered supine or seated systolic and diastolic blood pressures 24 hours after 



dosing by an average of 8-9/6-7 mmHg more than placebo. The trough effect was 
about 5060% of the peak diastolic response and about 80% of the peak 
systolic response. 

In most trials, the antihypertensive effect of MONOPRIL (Fosinopril Sodium) 
increased during the first several weeks of repeated measurements. The antihy- 
pertensive effect of MONOPRIL has been shown to continue during long-term 
therapy for at least 2 years. Abrupt withdrawal of MONOPRIL has not resulted in 
a rapid increase in blood pressure. 

Limited experience in controlled and uncontrolled trials combining fosinopril 
with acalcium channel blocker or a loop diuretic has indicated no unusual drug- 
drug interactions. Other AOE inhibitors have had less than additive effects with 
beta-adrenergic blockers, presumably because both drugs lower blood pres- 
sure by inhibiting parts of the renin-angiotensin system. 

ACE inhibitors are generally less effective in blacks than in non-blacks. The 
effectiveness of MONOPRIL was not influenced by age, sex, or weight. 

In hemodynamic studies In hypertensive patients, after three months of 
therapy, responses (changes In BR heart rate, cardiac index, and PVR) to various 
stimuli (e.g., isometric exercise, 45° head-up tilt, and mental challenge) were 
unchanged compared to baseline, suggesting that MONOPRIL does not affect 
the activity of the sympathetic nervous system. Reduction in systemic blood 
pressure appears to have been mediated by a decrease in peripheral vascular 
resistance without reflex cardiac effects. Similarly, renal, splanchnic, cerebral, 
and skeletal muscle blood flow were unchanged compared to baseline, as was 
glomerular filtration rate. 



INDICATIONS AND USAGE 

MONOPRIL is indicated for the treatment of hypertension. It may be used alone 
or in combination with thiazide diuretics. 

In using MONOPRIL, consideration should be given to the fact that another 
angiotensin converting enzyme inhibitor, captopril, has caused agranulocyto- 
sis, particularly in patients with renal impairment or collagen-vascular disease. 
Available data are insufficient to show that MONOPRIL does not have a similar 
risk (see WARNINGS). 



CONTRAINDICATIONS 

MONOPRIL is contraindicated in patients who are hypersensitive to this prod- 
uct or to any other angiotensin converting enzyme Inhibitor (e.g., a patient who 
has experienced angioedema with any other ACE Inhibitor therapy). 



WARNINGS 
Angioedema 

Angioedema involving the extremities, face, lips, mucous membranes, tongue, 
glottis or larynx has been reported in patients treated with ACE inhibitors. If 
angioedema involves the tongue, glottis or larynx, airway obstruction may 
occur and be fatal. If laryngeal stridor or angioedema of the face, lips, mucous 
membranes, tongue, glottis or extremities occurs, treatment with MONOPRIL 
should be discontinued and appropriate therapy instituted immediately. Where 
there Is Involvement of the tongue, glottis, or larynx, likely to cause airway 
obstruction, appropriate therapy, e.g., subcutaneous epinephrine solution 
1:1000 (0.3 mL to 0.5 mL) should be promptly administered (see PRECAU- 
TIONS: Information for Patients and ADVERSE REACTIONS). 

Hypotension 

MONOPRIL can cause symptomatic hypotension. Like other ACE inhibitors, 
fosinopril has been only rarely associated with hypotension in uncompli- 
cated hypertensive patients. Symptomatic hypotension is most likely to 
occur in patients who have been volume- and/or salt-depleted as a result of 
prolonged diuretic therapy, dietary salt restriction, dialysis, diarrhea, or vomit- 
ing. Volume and/or salt depletion should be corrected before initiating ther- 
apy with MONOPRIL 

In patients with congestive heart failure, with or without associated renal 
insufficiency, ACE inhibitor therapy may cause excessive hypotension, which 
may be associated with oliguria or azotemia and, rarely, with acute renal failure 
and death, in such patients, MONOPRIL therapy should be started under close 
medical supervision; they should be followed closely for the first 2 weeks of 
treatment and whenever the dose of fosinopril or diuretic is increased. 

If hypotension occurs, the patient should be placed in a supine position, 
and, if necessary, treated with intravenous infusion of physiological saline. 
MONOPRIL treatment usually can be continued following restoration of 
blood pressure and volume. 

Neutropenia/Agranulocytosis 

Another angiotensin converting enzyme Inhibitor, captopril, has been shown 
to cause agranulocytosis and bone marrow depression, rarely in uncompli- 
cated patients, but more frequently in patients with renal impairment, espe- 
cially if they also have a collagen-vascular disease such as systemic lupus 
erythematosus or scleredema. Available data from clinical trials of fosinopril 
are insufficient to show that fosinopril does not cause agranulocytosis at 



similar rates. Monitoring of white blood cell counts should be considered In 
patients with collagen-vascular disease, especially if the disease is associ- 
ated with Impaired renal function. 

Fetal/Neonatal Morbidity and Mortality 

ACE inhibitors can cause fetal and neonatal morbidity and mortality when 
administered to pregnant women. 

When ACE inhibitors have been used during the second and third trimes- 
ters of pregnancy, there have been reports of neonatal hypotension, renal 
failure, skull hypoplasia, and death. Oligohydramnios has also been 
reported, presumably resulting from decreased fetal renal function; oligohy- 
dramnios has been associated with fetal limb contractures, craniofacial 
malformations, hypoplastic lung development, and intrauterine growth retar- 
dation. Prematurity and patent ductus arteriosus have been reported, 
although it is not clear whether these occurrences were due to the ACE 
inhibitor exposure or to the mother's underlying disease. 

It is hot known whether exposure limited to the first trimester can adversely 
affect fetal outcome. 

A patient who becomes pregnant while taking ACE inhibitors, or who takes 
ACE inhibitors when already pregnant, should be apprised of the potential 
hazard to her fetus. If she continues to receive ACE inhibitors during the 
second or third trimester of pregnancy, frequent ultrasound examinations 
should be performed to look for oligohydramnios. When oligohydramnios is 
found, ACE inhibitors should generally be discontinued. 

Infants with histories of in utero exposure to ACE inhibitors should be 
closely observed for hypotension, oliguria, and hyperkalemia. If oliguria 
occurs, attention should be directed toward support of blood pressure and 
renal perfusion. 

Fosinopril is poorly dialyzed from the circulation of adults by hemodialysis 
and peritoneal dialysis. There is no experience with any procedure for remov- 
ing fosinopril from the neonatal circulation. 

In pregnant rabbits, maternal toxicity was evident at doses ranging from 2.5 
to 40 mg/kg/day (approximately 3 to 50 times the maximum recommended 
human dose). Fosinopril was embryocidal in rabbits at 10 and 40 mg/kg/day 
(approximately 12 and 50 times the maximum recommended human dose). 
These effects were probably due to marked decreases in blood pressure 
caused by ACE Inhibition in this species. There were no teratogenic effects in 
rabbits at any dose level tested. 

In pregnant rats, there was evidence of maternal toxicity at all dose levels 
tested, i.e., 25 to 400 mg/kg/day (about 30 to 500 times the maximum recom- 
mended human dose). Slight reductions in placental weights and degree of 
skeletal ossification were observed at all dose levels, and fetal body weights 
were reduced in the high-dose group. Three similar orofacial malformations 
and one fetus with situs inversus occurred in fosi nop ri (-treated animals. The 
association of these anomalies with treatment is uncertain. 



PRECAUTIONS 
General 

Impaired Renal Function: As a consequence of inhibiting the renin- 
angiotensin-aldosterone system, changes in renal function may be antici- 
pated in susceptible individuals. In patients with severe congestive heart 
failure whose renal function may depend on the activity of the renin- 
angiotensin-aldosterone system, treatment with angiotensin converting 
enzyme inhibitors, including MONOPRIL (Fosinopril Sodium), may be associ- 
ated with oliguria and/or progressive azotemia and (rarely) with acute renal 
failure and/or death. 

In hypertensive patients with renal artery stenosis in a solitary kidney or 
bilateral renal artery stenosis, Increases in blood urea nitrogen and serum 
creatinine may occur Experience with another angiotensin converting 
enzyme inhibitor suggests that these increases are usually reversible upon 
discontinuation of ACE inhibitor and/or diuretic therapy. In such patients, 
renal function should be monitored during the first few weeks of therapy. 
Some hypertensive patients with no apparent pre-existing renal vascular 
disease have developed Increases in blood urea nitrogen and serum creati- 
nine, usually minor and transient, especially when MONOPRIL has been 
given concomitantly with a diuretic. This is more likely to occur in patients 
with pre-existing renal impairment. Dosage reduction of MONOPRIL and/or 
discontinuation of the diuretic may be required., 

Evaluation of the hypertensive patient should always Include assess- 
ment of renal function (see DOSAGE AND ADMINISTRATION). 

Impaired renal function decreases total clearance of fosi nop rl (at and 
approximately doubles AUC. In general, however, no adjustment of dosing is 
needed (see CLINICAL PHARMACOLOGY). 

Hyperkalemia: In clinical trials, hyperkalemia (serum potassium greater 
than 10% above the upper limit of normal) has occurred in approximately 
2.6% of hypertensive patients receiving MONOPRIL In most cases, these 
were isolated values which resolved despite continued therapy. In clinical 
trials, 0.1 % of patients (two patients) were discontinued from therapy due to 
an elevated serum potassium. Risk factors for the development of hyperkale- 
mia include renal insufficiency, diabetes mellitus, and the concomitant use of 



potassium-sparing diuretics, potassium supplement^^M/or potassium- 
containing salt substitutes, which should be used cau^PHly, if at all, with 
MONOPRIL(Fosinopril Sodium) (see PRECAUTIONS: Drug Interactions). 

Impaired Liver Function: Since foslnoprll is primarily metabolized by he- 
patic and gut wall esterases to its active moiety, fosinoprllat, patients with 
ImpaJredWer ftmction could develop elevated plasma levels of unchanged 
foslnoprll. In a study In patients with alcoholic or biliary cirrhosis, the ex- 
tent of hydrolysis was unaffected, although the rate was slowed. In these 
patients, the apparent total body clearance of fosinoprllat was decreased 
and the plasma AUC approximately doubled. 

Surgery/Anesthesia: In patients undergoing surgery or during anesthe- 
sia with agents that produce hypotension, foslnoprll will block the angio- 
tensin II formation that could otherwise occur secondary to compensatory 
renin release. Hypotension that occurs as a result of this mechanism can 
be corrected by volume expansion. 

Information for Patients 

Angioedema: Angioedema, including laryngeal edema, can occur with 
treatment with ACE inhibitors, especially following the first dose. Patients 
should be advised to immediately report to their physician any signs or 
symptoms suggesting angioedema (e.g., swelling of face, eyes, lips, ton- 
gue, larynx, mucous membranes, and extremities; difficulty in swallowing 
or breathing; hoarseness) and to discontinue therapy. (See WARNI NGS and 
ADVERSE REACTIONS.) 

Symptomatic Hypotension: Patients should be cautioned that light- 
headedness can occur, especially during the first days of therapy, and it 
should be reported to a physician. Patients should be told that if syncope 
occurs, MONOPRIL should be discontinued until the physician has been 
consulted. 

All patients should be cautioned that inadequate fluid intake or exces- 
sive perspiration, diarrhea, or vomiting can lead to an excessive fall in 
blood pressure, with the same consequences of lightheadedness and pos- 
sible syncope. 

Hyperkalemia: Patients should be told not to use potassium supple- 
ments or salt substitutes containing potassium without consulting the 
physician. 

Neutropenia: Patients should be told to promptly report any indication 
of infection (e.g., sore throat, fever), which could be a sign of neutropenia. 

Drug Interactions 

With diuretics: Patients on diuretics, especially those with intravascular 
volume depletion, may occasionally experience an excessive reduction of 
blood pressure after initiation of therapy with MONOPRIL The possibility 
of hypotensive effects with MONOPRIL can be minimized by either discon- 
tinuing the diuretic or increasing salt intake prior to initiation of treatment 
with MONOPRIL. If this is not possible, the starting dose should be re- 
duced and the patient should be observed closely for several hours follow- 
ing an initial dose and until blood pressure has stabilized (see DOSAGE 
AND ADMINISTRATION). 

With potassium supplements and potassium-sparing diuretics: MONO- 
PRIL can attenuate potassium loss caused by thiazide diuretics. Potassi- 
um-sparing diuretics (spironolactone, amiloride, triamterene, and others) 
or potassium supplements can increase the risk of hyperkalemia. There- 
fore, if concomitant use of such agents Is indicated, they should be given 
with caution, and the patient's serum potassium should be monitored fre- 
quently. 

With lithium: Increased serum lithium levels and symptoms of lithium 
toxicity have been reported in patients receiving ACE inhibitors during 
therapy with lithium. These drugs should be coadministered with caution, 
and frequent monitoring of serum lithium levels is recommended. If a di- 
uretic is also used, the risk of lithium toxicity may be increased. 

With antacids: In a clinical pharmacology study, coadministration of an 
antacid (aluminum hydroxide, magnesium hydroxide, and simethicone) 
with fosinopril reduced serum levels and urinary excretion of fosinoprllat 
as compared with fosinopril administrated alone, suggesting that antac- 
ids may impair absorption of fosinopril. Therefore, if concomitant adminis- 
tration of these agents is indicated, dosing should be separated by 2 hours. 

Other: Neither MONOPRIL nor its metabolites have been found to inter- 
act with food. In separate single or multiple dose pharmacokinetic Interac- 
tion studies with chlorthalidone, nifedipine, propranolol, hydrochlorothia- 
zide, cimetidine, metoclopramide, propantheline, digoxln, and warfarin, 
the bioavailability of fosinoprllat was not altered by coadministration of fo- 
sinopril with any one of these drugs. In a study with concomitant adminis- 
tration of aspirin and MONOPRIL, the bioavailability of unbound fosinoprl- 
lat was not altered. 

In a pharmacokinetic interaction study with warfarin, bioavailability pa- 
rameters, the degree of protein binding, and the anticoagulant effect (mea- 
sured by prothrombin time) of warfarin were not significantly changed. 

Drug/Laboratory Test Interaction 

Fosinopril may cause a false low measurement of serum digoxin levels 
with the Dlgi-Tab® RIA Kit for Digoxin. Other kits, such as the Coat-A- 
Count® RIA Kit, may be used. 

Carcinogenesis, Mutagenesis, and Impairment of Fertility 

No evidence of a carcinogenic effect was found when fosinopril was given 
in the diet to mice and rats for up to 24 months at doses up to 400 mg/kg/ 
day. On a body weight basis, the highest dose in mice and rats is about 250 
times the maximum human dose of 80 mg, assuming a 50 kg subject. On a 
body surface area basis, in mice, this dose is 20 times the maximum human 
dose; in rats, this dose Is 40 times the maximum human dose. Male rats 
given the highest dose level had a slightly higher Incidence of mesentery/ 
omentum lipomas. 



Neither fosinopril nor the active f^^Bprilat was mutagenic in the Ames 
microbial mutagen test, the mouse IMPioma forward mutation assay, or a 
mitotic gene conversion assay. Fosinopril was also not genotoxlc in a 
mouse mlcronucleus test in vivo and a mouse bone marrow cytogenetic 
assay in vivo. 

In the Chinese hamster ovary cell cytogenetic assay, fosinopril in- 
creased the frequency of chromosomal aberrations when tested without 
metabolic activation at a concentration that was toxic to the cells. How- 
ever, there was no Increase in chromosomal aberrations at lower drug con- 
centrations without metabolic activation or at any concentration with met- 
abolic activation. 

There were no adverse reproductive effects in male and female rats treat- 
ed with 1 5 or 60 mg/kg daily. On a body weight basis, the high dose of 60 mg/ 
kg is about 38 times the maximum recommended human dose. On a body 
surface area basis, this dose is 6 times the maximum recommended hu- 
man dose. There was no effect on pairing time prior to mating in rats until a 
daily dose of 240 mg/kg, a toxic dose, was given; at this dose, a slight in- 
crease in pairing time was observed. On a body weight basis, this dose is 
150 times the maximum recommended human dose. On a body surface ar- 
ea basis, this dose is 24 times the maximum recommended human dose. 

Pregnancy 

Pregnancy Category D: See WARNINGS: Fetal/Neonatal Morbidity and 
Mortality. 

Nursing Mothers 

Ingestion of 20 mg daily for three days resulted in detectable levels of fo- 
sinoprllat in breast milk. MONOPRIL (Fosinopril Sodium) should not be ad- 
ministered to nursing mothers. 

Geriatric Use 

Of the total number of patients who received fosinopril in US clinical stud- 
ies of MONOPRIL, 13% were 65 and older while 1.3% were 75 and older. No 
overall differences in effectiveness or safety were observed between these 
patients and younger patients, and other reported clinical experience has 
not identified differences In response between the elderly and younger pa- 
tients, but greater sensitivity of some older Individuals cannot be ruled out. 

In a pharmacokinetic study comparing elderly (65-74 years old) and non- 
elderly (20-35 years old) healthy volunteers, there were no differences be- 
tween the groups In peak fosinoprllat levels or area under the plasma con- 
centration time curve (AUC). 

Pediatric Use 

Safety and effectiveness in children have not been established. 



ADVERSE REACTIONS 

MONOPRIL (Fosinopril Sodium) has been evaluated for safety in more than 
1500 individuals in hypertension trials, including approximately 450 pa- 
tients treated for a year or more. Generally adverse events were mild and 
transient, and their frequency was not related to dose within the recom- 
mended daily dosage range. 

In placebo-controlled clinical trials (688 fosinopril-treated patients), the 
usual duration of therapy was two to three months. Discontinuations due 
to any clinical or laboratory adverse event were 4.1 and 1.1 percent in fo- 
sinopril-treated and placebo-treated patients, respectively. The most fre- 
quent reasons (0.4 to 0.9%) were headache, elevated transaminases, fa- 
tigue, cough, diarrhea, and nausea and vomiting. 

During clinical trials with any fosinopril regimen, the incidence of ad- 
verse events in the elderly ( ^65 years old) was similar to that seen In youn- 
ger patients. 

Clinical adverse events probably or possibly related or of uncertain rela- 
tionship to therapy, occurring in at least 1% of patients treated with 
MONOPRIL alone in placebo-controlled clinical trials are shown in the ta- 
ble below. 

Clinical Adverse Events in Placebo-Controlled Trials 



MONOPRIL Placebo 

(N=688) (N = 184) 

Incidence Incidence 
(Discontinuation) (Discontinuation) 

Headache 3.2(0.9) 3.3 

Cough 2.2(0.4) 0.0 

Dizziness 1.6 0.0 

Diarrhea 1.5(0.4) 1.6 

Fatigue 1.5(0.6) 1.6 

Nausea/Vomiting 1.2(0.4) 0.5 

Sexual Dysfunction 1.0(0.1) 1.1 (0.5) 



Other clinical events probably or possibly related, or of uncertain rela- 
tionship to therapy occurring in 0.2 to 1.0% of patients (except as noted) 
treated with MONOPRIL in controlled or uncontrolled clinical trials 
(N = 1479) and less frequent, clinically significant events include (listed by 
body system): 

General: Chest pain, edema, weakness, excessive sweating. 

Cardiovascular: Anglna/myocardial infarction, cerebrovascular acci- 
dent, hypertensive crisis, rhythm disturbances, palpitations, hypotension, 
syncope, flushing, claudication. 

Orthostatic hypotension occurred in 1.4% of patients treated with fo- 
sinopril monotherapy. Hypotension or orthostatic hypotension was a 
cause for discontinuation of therapy in 0.1% of patients. 

J4-412A 



Dermatologlc: Urticaria, rash, p^^lensitlvity, pruritus. .* 
Endocrine/Metabolic: Gout, decreased libido. 

Gastrointestinal: Pancreatitis, hepatitis, dysphagia, abdominal disten- 
tion, abdominal pain, flatulence, constipation, heartburn, appetite/weight 
change, dry mouth. 

Hematologic: Lymphadenopathy. 

Immunologic: Angioedema. 

Musculoskeletal: Arthralgia, musculoskeletal pain, myalgia/muscle 
cramp. 

Nervous/Psychiatric: Memory disturbance, tremor, confusion, mood 
change, paresthesia, sleep disturbance, drowsiness, vertigo. 

Respiratory: Bronchospasm, pharyngitis, sinusitis/rhinitis, laryngitis/ 
hoarseness, epistaxis. A symptom-complex of cough, bronchospasm, and 
eosinophilia has been observed in two patients treated with fosinopril. 

Special Senses: Tinnitus, vision disturbance, taste disturbance, eye irrita- 
tion. 

Urogenital: Renal insufficiency, urinary frequency. 

Potential Adverse Effects Reported with ACE Inhibitors 

Other medically Important adverse effects reported with ACE Inhibitors in- 
clude: Cardiac arrest; eosinophilic pneumonitis; neutropenia/agranulocy- 
tosis, pancytopenia, anemia (including hemolytic and aplastic), thrombo- 
cytopenia; acute renal failure; hepatic failure, jaundice (hepatocellular or 
cholestatic); symptomatic hyponatremia; bullous pemphigus, exfoliative 
dermatitis; a syndrome which may include: arthralgia/arthritis, vasculitis, 
serositis, myalgia, fever, rash or other dermatologic manifestations, a posi- 
tive ANA, leukocytosis, eosinophilia, or an elevated ESR. 

Laboratory Test Abnormalities 

Serum Electrolytes: Hyperkalemia, (see PRECAUTIONS); hyponatremia, 
(see PRECAUTIONS: Drug Interactions, With diuretics). 

BUN/Serum Creatinine: Elevations, usually transient and minor, of BUN 
or serum creatinine have been observed, in placebo-controlled clinical tri- 
als, there were no significant differences in the number of patients experi- 
encing increases in serum creatinine (outside the normal range or 1.33 
times the pre-treatment value) between the fosinopril and placebo, treat- 
ment groups. Rapid reduction of longstanding or markedly elevated blood 
pressure by any antihypertensive therapy can result in decreases in the 
glomerular filtration rate and, in turn, lead to increases in BUN or serum 
creatinine. (See PRECAUTIONS: General.) 

Hematology: In controlled trials, a mean hemoglobin decrease of 0.1 g/ 
dL was observed in fosinopril-treated patients. In individual patients de- 
creases in hemoglobin or hematocrit were usually transient, small, and not 
associated with symptoms. No patient was discontinued from therapy due 
to the development of anemia. Other: Neutropenia (see WARNINGS), leu- 
kopenia and eosinophilia. 

Liver Function Tests: Elevations of transaminases, LDH, alkaline phos- 
phatase and serum bilirubin have been reported. Fosinopril therapy was 
discontinued because of serum transaminase elevations in 0.7% of pa- 
tients. In the majority of cases, the abnormalities were either present at 
baseline or were associated with other etlologic factors. In those cases 
which were possibly related to fosinopril therapy, the elevations were gen- 
erally mild and transient and resolved after discontinuation of therapy. 

OVERDOSAGE 

The oral LD M of fosinopril in rats is 2600 mg/kg. Human overdoses of fo- 
sinopril have not been reported, but the most common manifestation of hu- 
man fosinopril overdosage is likely to be hypotension. 

Laboratory determinations of serum levels of fosinoprllat and its metab- 
olites are not widely available, and such determinations, have in any event, 
no established role in the management of fosinopril overdose. No data are 
available to suggest physiological maneuvers (e.g., maneuvers to change 
the pH of the urine) that might accelerate elimination of fosinopril 



and its metaboln^P^osinoprilat Is poorly removed from the body by both 
hemodialysis and peritoneal dialysis. 

Angiotensin II could presumably serve as a specific antagonist-antidote 
in the setting of fosinopril overdose, but angiotensin II is essentially un- 
available outside of scattered research facilities. Because tfte hfototeaslve 
effect of fosinopril Is achieved through vasodilation and effective hypov- 
olemia, it is reasonable to treat fosinopril overdose by infusion of normal 
saline solution. 



DOSAGE AND ADMINISTRATION 

The recommended initial dose of MONOPRIL (Fosinopril Sodium) Is 10 mg 
once a day, both as monotherapy and when the drug is added to a diuretic. 
Dosage should then be adjusted according to blood pressure response at 
peak (2-6 hours) and trough (about 24 hours after dosing) blood levels. The 
usual dosage range needed to maintain a response at troughjs 20-40 mg 
but some patients appear to have a further response to 80 mg. In some pa- 
tients treated with once daily dosing, the antihypertensive effect may di- 
minish toward the end of the dosing Interval. If trough response Is inade- 
quate, dividing the daily dose should be considered. If blood pressure is 
not adequately controlled with MONOPRIL alone, a diuretic may be added. 

Concomitant administration of MONOPRIL with potassium supple- 
ments, potassium salt substitutes, or potassium-sparing diuretics can 
lead to increases of serum potassium (see PRECAUTIONS). 

In patients who are currently being treated with a diuretic, symptomatic 
hypotension occasionally can occur following the initial dose of 
MONOPRIL. To reduce the likelihood of hypotension, the diuretic should, if 
possible, be discontinued two to three days prior to beginning therapy with 
MONOPRIL (see WARNINGS). Then, if blood pressure is not controlled 
with MONOPRILalone, diuretic therapy should be resumed. If diuretic ther- 
apy cannot be discontinued, an initial dose of 10 mg of MONOPRIL should 
be used with careful medical supervision for several hours and until blood 
pressure has stabilized. (See WARNINGS; PRECAUTIONS: Information for 
Patients and Drug Interactions.) 

Since concomitant administration of MONOPRIL with potassium sup- 
plements, or potassium-containing salt substitutes or potassium-sparing 
diuretics may lead to increases in serum potassium, they should be used 
with caution. 

For Hypertensive Patients With Renal Impairment: In patients with im- 
paired renal function, the total body clearance of fosinoprllat is approxi- 
mately 50% slower than in patients with normal renal function. Since hepa- 
tobiliary elimination partially compensates for diminished renal 
elimination, the total body clearance of fosinoprllat does not differ appre- 
ciably with any degree of renal insufficiency (creatinine clearances 
< 80 mL/min/1.73m 2 ), including end-stage renal failure (creatinine clear- 
ance < 10 mL/min/1 .73m 2 ). This relative constancy of body clearance of ac- 
tive fosinoprllat, resulting from the dual route of elimination, permits use 
of the usual dose in patients with any degree of renal impairment. 



HOW SUPPLIED 

10 mg tablets: White to off-white, biconvex flat-end diamond shaped, com- 
pressed tablets with unilog number 158 and SQUIBB on one side and Rfl on 
the other. They are supplied in bottles of 100 (N DC 0087-0158-50). Bottles 
contain a desiccant-charcoal canister. 

20 mg tablets: White to off-white, oval shaped, compressed tablets with 
unilog number 609 and SQUIBB on one side and (VI on the other. They are 
supplied in bottles of 100 (NDC 0087-0609-50). Bottles contain a desiccant- 
charcoal canister. 

UNIMATIC® unit-dose packs containing 100 tablets are also available for 
each potency: 10 mg (NDC 0087-0158-51) and 20 mg (NDC 0087-0609-51). 

STORAGE 

Do not store above 86° F. Keep bottles tightly closed (protect from mois- 
ture). 



CAUTION: Federal law prohibits dispensing without prescription. 
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